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of  Cornell  University 


STATE  OP  NEW  YORK 

Department  op  Agriculture 

Albany,  January  15,  19 14 

To  the  Honorable  the  Legislature  of  the  State  of  New  York: 

In  accordaxice  with  the  provisions  of  the  statutes  relating  thereto, 
I  have  the  honor  to  transmit  herewith  the  Twenty-sixth  Annual  Report 
of  the  New  York  State  College  of  Agriculture  at  Cornell  University, 
as  a  part  of  the  Twenty-first  Annual  Report  of  the  Commissioner  of 
Agriculttu-e. 

CALVIN  J.  HUSON, 

Commissioner  of  Agriculture. 
lifil 
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November  33,  19x3 

The  Governor  of  the  State  of  New  York, 
Albany,  New  York. 

The  Secretary  of  the  Treasury, 

Washington,  D.  C. 

The  Secretary  of  Agriculture, 

Washington,  D.  C. 

The  Conmiissioner  of  Agriculture, 

Albany,  New  York. 

The  Act  of  Congress,  approved  March  2,  1887,  establishing  Agricultural 
College  Experiment  Stations  in  connection  with  the  Land  Grant  Colleges, 
contains  the  following  provision:  "  It  shall  be  the  duty  of  each  of  said 
stations,  annually,  on  or  before  the  first  day  of  February,  to  make  to  the 
Governor  of  the  State  or  Territory  in  which  it  is  located,  a  full  and  detailed 
report  of  its  operations,  including  a  statement  of  receipts  and  expenditures, 
a  copy  of  which  report  shall  be  sent  to  each  of  said  stations,  to  the  said 
Conmiissioner  of  Agriculture,  and  to  the  Secretary  of- the  Treasury  of  the 
United  States." 

And  the  Act  of  the  Legislature  of  the  State  of  New  York,  approved 
April  12,  1906,  providing  for  the  administration  of  the  New  York  State 
College  of  Agriculture  at  Cornell  University,  contains  the  following  pro- 
vision: "  The  said  University  shall  expend  such  moneys  and  use  such 
property  of  the  State  in  administering  said  College  of  Agriculture  as  above 
provided,  and  shall  report  to  the  Commissioner  of  Agriculture  in  each 
year  on  or  before  the  first  day  of  December,  a  detailed  statement  of  such 
expenditures  and  of  the  general  operations  of  the  said  College  of  Agri- 
culture for  the  year  ending  the  thirtieth  day  of  September  then  next 
preceding." 

In  conformity  with  these  mandates  I  have  the  honor  to  submit  on  behalf 
of  Cornell  University  the  accompanying  report  for  the  year  1912-1913, 
signed  by  the  Director  and  the  Acting  Director  of  the  College. 

This  report,  along  with  the  accompanying  abstracts  of  the  work  of  the 
different  departments  of  the  College  and  the  copies  of  the  nimierous 
publications  during  the  year,  presents  such  a  complete  conspectus  of  the 
operations  of  the  institution  that  any  supplementary  statement  may  be 
regarded  as  superfluous. 
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I  cannot,  however,  close  this  communication  without  expressing  the 
sense  of  loss  felt  by  the  College  and  the  whole  university  community  in 
consequence  of  the  resignation  of  Director  Bailey,  which  took  effect  on 
August  I.  He  has  given  to  the  College  and  to  the  agricultural  interests 
of  the  State  for  many  years  not  only  enthusiasm  and  devotion  —  precious 
as  these  are — but  also  his  great  abilities  as  a  scientist,  an  organizer,  and 
a  leader;  and  the  College  of  Agriculture  at  Cornell  University  will  long 
retain  the  impress  of  his  efficient  and  highly  successful  administration  as 
Director. 

On  the  retirement  of  Director  Bailey  on  August  i  his  place  was  filled 
by  the  appointment  of  William  Alonzo  Stocking,  jr.,  Professor  of  Dairy 
Industry,  as  Acting  Director. 

Respectfully  submitted, 

JACOB  GOULD  SCHURMAN, 

President  of  Cornell  University. 
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REPORT  OP  THE  DIRECTOR  OP  THE  NEW  YORK  STATE 
COLLEGE  OF  AGRICULTURE 

To  the  President  oj  the  University: 

Sir  : —  The  past  year  has  been  a  time  of  tinusual  activity  in  the  College 
of  Agriculture.  The  increase  in  students  has  been  large,  the  extension 
work  has  grown  rapidly,  the  research  projects  have  increased  and  some 
of  them  have  matured,  and  many  new  movements  and  enterprises  have 
been  discussed  and  put  under  way.  The  wholesome  spirit  of  the  College 
(which  is  the  propelling  force  in  any  educational  institution)  has  been 
more  effective  than  ever  before.  In  all  its  activities,  the  College  has 
had  a  year  of  unusual  momenttmi. 

The  College  is  administered  on  a  cooperative  basis  as  between  staff 
and  students,  all  partaking  freely  in  the  work  in  a  spirit  of  comradeship. 
The  social  element  is  a  strong  factor  in  the  processes  in  the  institution. 
The  students  are  stimulated  to  take  part  in  the  government  of  the  College 
and  to  make  direct  and  useful  suggestions  touching  the  administration. 
They  are  encouraged  to  form  discussion  clubs  representing  the  subject 
matter  of  their  work.  Many  such  clubs  are  now  established.  All  these 
clubs  are  free  and  open  to  all  students  and  to  all  members  of  the  staff. 
These  bodies  become  essentially  a  part  of  the  educational  organization 
of  the  College.  All  of  them  are  represented  in  a  committee  of  the  general 
students*  organization,  so  that  they  are  practically  under  control  of  the 
entire  student  body  in  the  College  of  Agriculture.  The  Director's  office 
is  able  to  extend  itself  through  these  clubs  when  it  desires  to  reach  the 
student  body.  Inasmuch  as  these  more  or  less  organized  imits  are  par- 
takers in  the  administration  of  the  College,  it  is  becoming  evident  that 
they  should  have  headquarters  either  in  separate  small  buildings  or  in 
a  central  students*  building  in  which  the  groups  may  be  foimd,  which  will 
make  them  responsible,  and  which  will  provide  meeting  places  for  dis- 
cussion and  room  for  the  collecting  of  books  and  specimens  and  materials. 
The  Lazy  Club  of  the  old  Department  of  Horticulture  had  for  years  a 
building  of  its  own.  There  is  a  growing  feeling  in  the  College  that  other 
groups  should  have  small  buildings,  erected  in  part  or  entirely  by  the 
groups  themselves,  and  properly  placed  in  the  regular  landscape  scheme. 
The  tendency  for  colleges  is  to  become  too  institutional  in  the  character 
of  the  buildings.  The  large  buildings  are  impersonal.  In  a  college 
in  which  social  cooperation  is  a  strong  element  there  should  be  small 
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and  personal  units  here  and  there  at  convenient  and  proper  places, 
which  are  accessible  to  students  on  their  own  account  and  which  may 
contribute  something  of  the  informality  and  unofficial  character  that 
is  so  essential  to  the  best  growing  of  educational  enterprises.  If  the  students 
are  to  be  cooperating  factors,  then  the  fact  should  be  frankly  and  visibly 
recognized.  Such  buildings  should,  of  course,  belong  to  the  institution 
and  be  imder  restriction  as  to  use  and  management;  but  they  should 
represent  the  interests  of  the  student  body. 

students  and  staff 
The  registration  of  students  in  the  New  York  State  College  of  Agri- 
culture for  the  year  1912-1913  (including  the  Summer  School  of  1913) 
is  as  follows: 

Graduate  students iii 

Regular  students: 

Seniors 172 

Juniors 218 

Sophomores 320 

Freshmen 393 


1,103 

Special  students 161 

Winter-course  students: 

General  Agriculture 266 

Poultry  Husbandry ...  117 

Dairy  Indtistry 86 

Horticulture 70 

Home  Economics 58 

597 

Summer-school  students 333 


Total 2,305 


Number  of  women  in  regular  course  1912-1913 151 

Niunber  of  women  in  special  course  1912-1913 18 

Nimiber  of  women  in  winter  coiu-ses  1912-1913 99 


Total 268 


The  general  growth  of  the  student  body  in  the  College  of  Agriculture 
is  indicated  in  the  following  statement  of  the  number  of  regular  and 


Digitized 


by  Google 


Report  op  the  Director 


xm 


special  students  that  have  registered  in  all  the  years  from  1868  to  the 
present: 


I 868-1 869 
Regulars. . . . 


1869-1870 
Regulars .... 


1870-1871 
Regulars .... 


1871-1872 
Regulars .... 


I 872-1 873 
Regulars. . . . 


1873-1874 
Regulars. . . . 


1874-1875 
Regtilars .... 
Sp^:3als 


17 
1 


I 875-1 876 

Regulars 9 

Specials 2 

1876-1877 

Regulars 28 

Speinals...^ 1 

1877-1878 

Regulars 37 

Specials 5 

Graduates i 

I 878-1 879 

Regulars 34 

Specials 7 

1 879-1 880 

Regulars 33 

Specials 2 

1880-1881 
Regulars 

1881-1882 

R^^lars 16 

Specials 1 

Graduates i 

I 882-1 883 
Regulars 

1883-1884 
Regulars 


I 884-1 885 

Regulars 18 

Specials 2 


1885-1886 
30      Regulars.  . . . 


I 886-1 887 
Regiilars .... 
Specials 


24 
20 

13 
15 

7 

18 
II 
29 

43 

41 

35 
26 

18 
15 

13 
20 


33 
5 


1887-1888 

Regulars 33 

Specials 12 

I 888-1 889 

Regulars 37 

Specials 21 

Graduates 2 

I 889-1 890 

R^idars 28 

Specials.  .• 21 

Graduates 3 

1890-1891 

Regtdars 32 

Specials 20 

Graduates 6 

1891-1892 

Regtilars 22 

Specials 19 

Graduates 12 

1892-1893 

Regulars 24 

Specials 24 

Graduates 9 

Winter  courses 48 

1893-1894 

Regtilars 25 

Specials 20 

Graduates 9 

Winter  courses 61 

1894-1895 

Regtdars 24 

Specials 21 

Graduates 9 

Winter  courses 77 

I 895-1 896 

Regulars 30 

Specials 21 

Graduates. ,1,3 

Winter  courses ^3 

I 896-1 897 

Regulars 34 

Specials 34 

Graduates 22 

Winter  courses 60 


23 


38 


45 


60 


52 


58 


53 


105 


"5 


131 


147 


150 
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1897-1898 

R^tdars 5° 

Specials 28 

Graduates 20 

Winter  courses 93 

1898-1899 

RegiUars 46 

Specials 39 

Graduates 17 

Winter  courses 89 

1899-1900 

Regtdars 43 

Specials 45 

Graduates 19 

Winter  courses 83 

1900-1901 

Regulars 48 

Specials 50 

Graduates 23 

Winter  courses 94 

1901-1902 

Regulars 49 

Specials 43 

Graduates 22 

Winter  courses 96 

1902-1903 

Regulars 60 

Specials 53 

Graduates 18 

Winter  courses 121 

1903-1904 

Regtilars 77 

Specials 64 

Graduates 21 

Winter  courses 134 

1904-1905 

Regulars 98 

Specials 90 

Graduates. 31 

Winter  courses 199 


197 


I9J 


190 


215 


210 


252 


296 


418 


1905-1906 

Regiilars 128 

Specials 102 

Graduates 40 

Winter  courses 248 

1906-1907 

R^julars 145 

Specials 133 

Graduates 36 

Winter  courses 244 

1907-1908 

Regulars 206 

Specials 142 

Graduates 43 

Winter  courses 270 

1908-1909 

Regulars 268 

Specials 145 

Graduates 58 

Winter  courses 364 

1909-1910 

Regulars 419 

Specials 120 

Graduates 57 

Winter  courses 371 

1910-1911 

Regulars 597 

Specials 169 

Graduates 80 

Winter  courses 477 

Sununer  school 128 

19x1-1912 

Regulars 806 

SpSnals 180 

Graduates 1 19 

Winter  courses 451 

Summer  school 223 

1912-1913 

R^^ulars i ,  103 

Specials 161 

Graduates iii 

Winter  courses 597 

Summer  school 333 


518 


558 


661 


835 


967 


1. 451 


1.779 


2.305 


The  conditions  governing  the  entrance  of  special  students  have  changed 
much  in  recent  years.  Only  farm  residents  of  New  York  State  are  now 
admitted  as  specials,  and  they  are  such  persons  as  have  had  the  proper 
common  school  advantages  and  have  had  sufficient  experience  and 
general  training  to  enable  them  to  make  the  most  of  optional  courses  of 
study  extending  over  one  or  two  years.  Persons  who  have  had  the  advan- 
tage pf  regular  preparation  for  entrance  are   admitted  to  the  regular 
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courses.  There  are  considerable  fluctuations  in  the  numbers  of  special 
students,  but  in  proportion  to  the  entire  student  body  the  percentage 
is  now  small.  Some  of  the  best  and  most  competent  students  in  the 
institution  have  always  been  among  the  specials.  The  experience  of 
the  College  with  these  special  students,  extending  now  over  many  years, 
raises  the  question  as  to  whether  the  formal  entrance  requirements  of 
educational  institutions  represent  the  most  essential  elements  in  quali- 
fication for  college  work.  The  enrollment  of  special  students  in  the 
College  of  Agriculture  for  the  years  1907-1908  to  1912-1913  inclusive  is 
as  follows: 

Total  Enronnwnt     Percaitage 

enrollment  *         of  •pecial3       of  tpcciius 

1907-I908 348  142  41 

1908-1909 413  145  35 

1909-1910 539  120  22 

I9i<>-I9ii 766  169  22 

1911-1912 986  180  18 

1912-1913 1 ,264  161  13 

The  entrance  requirements  in  the  CoUege  of  Agriculture  have  been 
rigidly  enforced.  The  faculty  has  now  gone  so  far  as  to  take  the  very 
desirable  action  of  admitting  no  student  who  has  any  shortage  in  points 
of  entrance. 

The  staff  of  the  College  has  necessarily  grown  rapidly,  in  order  to  enable 
the  institution  to  handle  satisfactorily  the  increasing  volume  of  work.  The 
work  is  not  alone  the  teaching  of  students  who  come  to  the  institution. 
The  projects  of  investigation  and  research  are  demanding  much  attention, 
and  the  extension  work  has  grown  rapidly  and  is  still  not  able  to  meet 
the  demands.  The  total  appointive  staff  in  the  College  of  Agriculture 
now  comprises  about  three  himdred  persons,  of  whom  approximately  two 
himdred  are  engaged  directly  in  teaching  and  investigation. 

The  number  of  separate  courses  to  be  given  in  the  College  of  Agriculture 
in  the  year  19 13-19 14,  exclusive  of  winter  courses  and  summer  courses,  is 
236,  distributed  as  follows: 

Agricultural  Chemistry 9 

Animal  Husbandry 11 

Botany 14 

Dairy  Industry 17 

Drawing 4 

Entomology,  Biology,  and  Nature  Study 32 

Extension  Teaching 3 

Farm,  The I 

Farm  Crops 6 

Farm  Management 4 

Farm  Practice I 

Floriculture 13 

Forestry 19 

*  This  includes  regular  and  sp-^cial  students  on' y,  and  does  not   include  postgraduate  and  winter* 
course  student:. 
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Home  Boonomics i6 

Landscape  Art ii 

Meteorology I 

Plant-brec^dung 8 

Plant  Pathology ^. .  lo 

Pomology 13 

Poultry  Husbandry I3 

Rural  Economy; ,  7 

Rural  Engineering 7 

Soil  Technology 8 

Vegetable-garaening 8 

Total 236 

EXTENSION  OP  THE    COLLEGE   YEAR 

Following  a  discussion  extending  over  some  years,  the  faculty  in 
agriculture  has  taken  action  to  make  the  college  year  match  the  natural 
year.  This  action  has  been  approved  by  the  Board  of  Trustees.  It  is 
expected  that  the  enlargement  of  the  college  year  will  go  into  effect  with 
the  beginning  of  the  summer  term  of  19 14  or  with  the  beginning  of  the 
regular  college  year  in  the  autumn  of  19 14.  It  is  proposed  to  establish 
three  terms,  covering  the  entire  twelve  months.  The  officers  in  the  teach- 
ing staff  are  not  to  be  allowed  to  teach  more  than  nine  months  in  any  one 
year.  The  educational  organization  of  the  new  plan  is  to  be  worked  out 
by  committees  and  faculty  in  the  coming  year. 

It  is  not  the  idea  to  make  the  Siunmer  School,  which  is  now  well  estab- 
lished in  the  College  of  Agriculture,  the  third,  or  summer,  term;  but 
a  regular  term  coordinate  with  other  terms,  except  shorter  in  length, 
is  to  be  added. 

Even  when  the  third  term  is  established,  it  is  expected  that  the  Summer 
School  will  be  held  in  addition  thereto  for  teachers  and  others,  in  the  same 
way  in  which  the  winter  courses  are  held  in  addition  to  the  regular  college 
year.  In  fact,  it  may  be  expected  that  numbers  of  short  and  special 
courses  of  instruction  will  be  added  as  necessities  arise.  The  faculty  in 
agriculture  has  recently  established  a  ten-days  course  in  fancy-cheese- 
and  ice-cream-making  and  a  one-week  course  for  managers  of  dairy 
establishments.  The  main  body  of  instruction  is  to  be  continued  through- 
out the  twelve  months,  and  it  is  hoped  that  the  College  will  never  be  closed ; 
and  corollary  to  this  general  educational  program  will  be  the  special 
courses  and  opportunities  to  meet  the  needs  of  the  people.  The  College 
of  Agriculture  exists  for  the  double  purpose  of  providing  thoroughgoing 
training  for  the  students  who  matriculate,  and  of  giving  aid,  encourage- 
ment, and  point  of  view  to  the  residents  of  the  State  who  are*  interested 
in  its  work. 

Perhaps  the  most  significant  development  in  the  way  of  side  courses 
is  the  establishment  of  the  School  for  Leadership  in  Country  Life,  a  special 
accoimt  of  which  may  now  be  given. 
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SCHOOL  FOR  LEADERSHIP   IN   COUNTRY   LIFE 

For  a  number  of  years  the  College  of  Agriculture  was  urged  to  establish 
a  school  for  the  training  of  social  workers  in  rural  communities.  In 
response  to  this  demand,  there  was  held  July  21  to  28,  191 1,  a  Training 
Conference  for  Rural  Leaders.  The  conference  lasted  for  eight  days  and 
consisted  of  three  regular  class  periods  in  the  forenoon,  two  in  the  after- 
noon, and  one  in  the  evening  of  each  day.  The  total  attendance  was 
twenty-three  persons,  coming  from  five  States.  The  second  conference, 
held  June  25  to  July  5,  1912,  was  lengthened  to  ten  days  and  the  attend- 
ance was  increased  to  fifty-nine  persons,  coming  from  ten  Stat^. 

The  success  of  these  two  conferences  indicated  the  desirability  of  estab- 
lishing such  a  training  conference  as  a  part  of  the  regular  work  of  the 
College.  On  Jime  24  to  July  4,  1913,  the  third  of  these  conferences  was 
held,  under  the  name  of  the  School  for  Leadership  in  Country  Life.  There 
was  an  attendance  of  ninety  persons  from  twenty-two  States  and  from 
Washington,  D.  C,  and  Canada.  The  persons  in  attendance  were  farmers, 
farm  women,  rural  teachers  and  principals,  district  superintendents  of 
schools,  college  professors,  college  students,  grange  officers  and  workers, 
farmers'  institute  lectiu-ers,  farm  bureau  agents,  rural  librarians,  a  rural 
social  investigator,  rural  pastors,  secretaries  of  rural  Yotmg  Men's  and 
Yoimg  Women's  Christian  Associations,  a  rural  Simday-school  superin- 
tendent, representatives  of  rural  philanthropic  enterprises,  boy  scout 
officers,  a  coimtry  merchant,  a  civil  engineer,  and  a  kindergartner.  These 
persons  came  from  the  States  of  New  York,  Massachusetts,  Rhode 
Island,  Connecticut,  New  Jersey,  Pennsylvania,  Maryland,  South 
Carolina,  Georgia,  Alabama,  Mississippi,  Kentucky,  Illinois,  Iowa, 
Minnesota,  Missotiri,  Nebraska,  Louisiana,  Texas,  Arizona,  Montana, 
and  CaUfomia,  from  Washington,  D.  C,  and  from  Toronto,  Canada. 

From  the  beginning  the  purpose  of  the  school  has  been  to  provide  a 
course  of  training  for  all  classes  of  rural  leaders  and  to  offer  fimdamental 
courses  that  would  be  of  value  to  all  rural  social  workers,  rather  than  to 
offer  specialized  courses  for  particular  classes  of  rural  workers.  The 
desirability  of  providing  a  three-years  graded  course  leading  to  a  certi- 
ficate was  foreseen,  and  in  the  school  this  year  both  first-year  and  second- 
year  courses  were  offered.  Third-year  courses  will  be  added  to  the  school 
next  year  (to  be  held  June  23  to  July  3,  1914,  inclusive). 

The  courses  of  instruction  offered  this  year  were  as  follows: 

Courses  in  Rural  Leadership, —  First-year  students:  (i)  The  Psychol- 
ogy of  Leadership;  (2)  The  Study  of  Himian  Nature.  Second-year 
students:  (i)  The  Pedagogy  of  Leadership;  (2)  Group  Organization. 

Courses  in  Rural  Ethics. —  First-year  students:  (i)  The  Development 
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of  Rural  Character.  Second-year  students:  (i)  Rural  Personal  Ideals; 
(2)  The  Family  and  the  Rural  Problem. 

Courses  in  Rural  Sociology, —  First-year  students:  (i)  Social  Aspects 
of  Rural  Life;  (2)  Principles  of  Rural  Sociology.  Second-year  students: 
(i)  The  Social  Ftmction  of  Riu-al  Institutions;  (2)  Cooperation  and 
Federation  of  Rural  Social  Agencies. 

Courses  in  Rural  Economics, —  First-year  students:  (i)  The  Field  of 
Rural  Economics;  (2)  Some  Applications  of  Economic  Principles  to  the 
Problems  of  Rural  Social  Life.  Second-year  students:  (i)  Business 
Organization  and  Cooperation. 

Courses  on  the  Farm  Home  and  the  Family, —  Second-year  students: 
(i)  The  Farm  Boy;  (2)  The  Farm  Girl;  (3)  The  Farm  Woman;  (4)  Leader- 
ship for  Farm  Women  and  Girls. 

Course  on  the  Rural  Social  Survey,  for  second-year  students. 

Course  in  Extension  Teaching  in  Agriculture,  for  first-year  students. 

Course  in  Rural  Play,  for  all  students. 

Course  in  Rural  Athletics,  for  all  students. 

The  afternoon  and  evening  periods  were  devoted  to  demonstrations, 
conferences,  field  trips,  recreation,  entertainments,  and  the  like. 

The  class  instruction  was  supplemented  by  a  large  and  careftdly  selected 
exhibit  of  the  work  of  a  number  of  cotmtry-life  institutions. 

Because  of  the  very  full  schedule  of  required  work  and  the  distances 
between  the  College  of  Agriculture  and  the  rooming  houses,  it  was  found 
desirable  to  house  persons  in  attendance  on  the  school  in  tents  near  the 
College;  and  this  more  or  less  informal  "  tent  city  *'  added  much  to  the 
spirit  and  the  unity  of  the  school. 

From  the  beginning,  the  School  for  Leadership  has  been  considered 
a  college  enterprise  and  has  been  directed  from  the  general  administra- 
tion office.  In  working  out  the  plans  for  the  school,  invaluable  assistance 
has  been  given  by  Fred  M.  Hill,  State  Secretary  of  Coimty  Work  of  the 
Young  Men's  Christian  Association,  and  John  R.  Boardman,  of  the 
Good  Will  Home  Association,  of  Hinckley,  Maine.  Some  of  the  courses 
have  been  given  by  members  of  the  regular  staff  of  the  College,  and  it 
has  been  necessary  to  call  in  also  a  niunber  of  specialists. 

The  faculty  for  the  school  of  19 13  was  as  follows: 

STAFF   OF   SCHOOL  FOR  LEADERSHIP   IN   COUNTRY   LIFE 

Officers 

Thomas  Frederick  Crane,  Litt.D.,  Acting  President  of  the  University 

Liberty  Hyde  Bailey,  M.S.,  LL.D.,  Director  of  the  College  of  Agriculture 

George  Nieman  Lauman,  B.S.A..  Professor  of  Rural  Economy  and  Head  of  the  School 

for  Leadership  in  Country  Life 
Albert  Russell  Mann,  B.S.A.,  Secretary  and  Registrar 
Royal  Gilkey,  B.S.A.,  Instructor  in  Extension  Teaching,  in  charge  of  exhibits 
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Faculty 

John  R.  Boakdman,  B.S.,  Good  Will  Home  Association,  New  York  City.    Lecturer 

on  Rural  L^idership 
WiLBERT  L.  Anderson,  D.D.,  Amherst,  Massachusetts.    Lecturer  on  Rural  Ethics 
Fred  M.  Hill,  State  Secretary  of  County  Work,  Young  Men's  Christian  Association, 

New  York  City.     Lecturer  on  Rural  Social  Surveys  and  Community  Programs 
Edwin  L.  Earp,  Ph.D.,  Professor  of  Sociology.  Drew  llieological  Seminary.     Lecturer 

on  Rural  Sociology 
Thomas  N.  Carver,  Ph.D.,  Professor  of  Economics,  Harvard  University.    Lecturer 

on  Rural  Economics 
Jessie  Field,  B.A.,  Secretary  of  Small  Town  and  Country  Work,  National  Board  of 

Young  Women's  Christian  Associations.    Lecturer  on  Leadership  for  Farm 

Women 
Ralph  Hicks  Wheeler,  B.S.,  Assistant  Professor  of  Extension  Teaching,  Cornell 

University.     Lecturer  on  Extension  Teaching  in  Agricultiu^ 
E.  K.  Jordan,  A.B.,  B.D.,  Secretary  of  County  Committee,  Young  Men's  Christian 

Association,  Dutchess  County.     Lecturer  on  Rural  Play 
W.  H.  Baxley,  County  Work  Secretary  for  Westchester  Cotmty,  Young  Men's  Christian 

Association.     Lecturer  on  Riual  Athletics 
Alice  Gertrude  McCloskey,  A.B.,  Associate  in  Rural  Education,  Cornell  University. 

Lecturer  on  The  Farm  Girl 
Martha  Van  Rensselaer,  A.B.,  Professor  of  Home  Economics,  Cornell  University. 

Lecturer  on  The  Farm  Woman 
Franklin  K.  Mathiews,  Chief  Scout  Librarian,  Boy  Scouts  of  America,  Scotch  Plains, 

New  Jersey.    Lecturer  on  The  Farm  Boy 

EDITORIAL  OFFICE 

The  general  teaching,  extension,  and  research  work  is  visible  and  is 
well  known  to  the  casual  observer.  The  mailing-room  and  editorial 
activities,  however,  are  not  evident  except  to  one  who  takes  the  pains 
to  inquire.  Yet  the  editorial  and  publishing  activities  are  probably 
some  of  the  best  indexes  of  the  activities  as  well  as  of  the  complexities 
of  the  institution. 

Of  recent  years  the  publication  work  of  the  CoUege  of  Agricultiu-e  has 
increased  very  rapidly..  The  greatest  increase  in  number  of  publications 
was  occasioned  in  October,  191 1,  by  the  change  in  the  organization  of 
the  Cornell  Reading-Courses,  whereby  twenty-four  issues  instead  of  ten 
issues  were  published  annually.  In  October,  191 1,  the  monthly  publi- 
cation known  as  the  Announcer  was  started,  adding  twelve  additional 
issues  in  the  year.  With  the  enlargement  of  the  staff  of  the  College,  the 
number  of  experiment  station  bulletins  has  also  increased.  In  the  year 
ending  September  30,  191 2,  there  were  issued  through  the  Editorial  Office 
seventy-four  completed  publications,  or  an  average  of  nearly  one  and  one 
half  a  week.  The  total  number  of  printed  pages  for  that  year  was  4573. 
The  total  ntunber  of  copies  of  completed  publications  printed  was 
2,122,415. 

In  the  past  year,  a  new  series  of  publications  to  be  known  as  memoirs 
has  been  started.  These  memoirs  will  provide  a  place  of  publication 
for  many  scientific  papers  that  heretofore  have  been  published  in  scientific 
journals.   The  memoirs  are  likely  to  be  large  publications,  since  they  will 
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carry  much  of  the  detailed  data  accumulated  in  the  course  of  the  investi- 
gations that  they  present. 

Prior  to  October,  191 1,  all  the  editorial  work  was  handled  by  A.  R. 
Mann,  Professor  of  Agricultiu-al  Editing.  On  that  date  Miss  Lela  G. 
Gross  was  added  to  the  staff  as  Assistant  Editor,  and  has  since  given 
her  entire  attention  to  the  editorial  work  in  which  she  has  shown  great 
proficiency.  In  February,  19 13,  Miss  Edith  J.  Munsell  was  engaged 
as  an  Assistant  Editor,  and  has  since  given  her  full  time  to  the  editorial 
work. 

Until  the  present,  free-hand  drawings  for  the  publications  of  the  College 
have  been  made  chiefly  by  Professor  W.  C.  Baker  of  the  Department  of 
Drawing.  Mechanical  drawings  have  been  prepared  by  whatever  persons 
the  departments  were  able  to  engage  for  the  work.  It  has  been  impossible 
for  Professor  Baker  to  give  as  much  time  to  illustrating  the  bulletins 
as  is  desirable  from  the  standpoint  of  the  publications.  It  has  been 
necessary  to  use  half-tones  instead  of  line  engravings  in  many  cases  when 
the  latter  would  have  been  preferable.  We  are  now  attaching  to  the  staff 
Miss  Clara  L.  Garrett  as  Artist  in  the  Editorial  Office.  Miss  Garrett 
is  prepared  to  give  attention  to  both  free-hand  and  mechanical  drawing. 
The  entire  editorial  staff  at  present  is  as  foUows:  A.  R.  Mann,  General 
Editor;  Lela  G.  Gross,  Assistant  Editor;  Edith  J.  Munsell,  Assistant 
Editor;  W.  C.  Baker,  Artist;  Clara  L.  Garrett,  Artist.  It  should  be 
understood  that  Professors  Mann  and  Baker  give  only  part  time  to  the 
editorial  work. 

There  is  a  tendency  on  the  part  of  many  departments  to  submit  to  the 
Editorial  Office  for  advice  manuscripts  that  are  not  to  be  printed  in  the 
regular  series  of  publications  of  the  College,  but  that  are  to  be  published 
in  scientific  joiunals  or  are  to  be  issued  as  publications  of  the  particular 
departments.  The  Editorial  Office  is  becoming  a  distinct  department 
of  the  coUege  work.  The  equipment  of  the  office  has  been  much  increased 
during  the  past  year  and  the  facilities  for  efficient  work  are  now  practically 
complete. 

Following  is  a  summary  of  the  work  of  the  office  from  October  i,  191 21 
to  September  30,  1913: 

EDITORIAL  BUSINESS  FROM  OCTOBER  I,  19I2,  TO  SEPTEMBER  30,  1913 

Number  of 
pa^es  in    Number  of 

Ennted  copies 
ulletin  ordered 

321  Computing  rations  for  farm  animals 36  30,000 

322  The  larch  case-bearer 20  5 .000 

323  A  study  of  feeding  standards  for  milk  production 68  6,000 
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BULLETINS— c(m^»««f  ; 

324  A  study  of  the  biology  of  the  apple  maggot  (Rhagoletis 

pamonella),  together  with  an  investigation  of  methods 
of  control 

325  Cheny  fruit-flies  and  how  to  control  them 

326  Water-soluble  matter  in  soils  sterilized  and  reinoculated 

327  Methods  of  chick-feeding 

328  Hop  mildew 

329  The  fire  blight  disease  in  nursery  stock 

330  Respiration  of  fruits  and  growing  plant  tissues  in  certain 

gases,  with  reference  to  ventilation  and  fruit  storage . . 

331  The  a^iaragus  miner  and  the  twelve-spotted  asparagus 

beetle 

332  Oriental  pears  and  their  hybrids 

333  Control  of  two  elm-tree  pests 

334  A  study  of  some  factors  influencing  the  yield  and  the 

moisture  content  of  cheddar  cheese 

335  Scab  disease  of  apples 

MEMOIRS: 

1  Some  relations  of  certain  higher  plants  to  the  formation 

of  nitrates  in  soils 

2  The  action  of  certain  nutrient  and  non-nutrient  bases 

on  plant  growth 

CIRCULARS: 

12  (Reprint)  The  chemical  analysis  of  soil 

13  Propagation  of  starter  for  butter-maldng  and  cheese- 

makmg 

14  Working  plans  of  Cornell  poultry-houses 

15  Legume  inoculation 

16  The  improved  New  York  State  gasoline-heated  colony- 

house  broodine  system 

17  The  formation  ol  cow-testing  associations 

18  Milking  machines:  their  sterilization  and  their  efficiency 

in  producing  clean  milk 

19  Late  blight  and  rot  of  potatoes 

20  The  fire  blight  disease  and  its  control  in  nursery  stock. . 

READING-COURSE  LESSONS  FOR  THE  FARM: 

16  (Reprint)    Practical   dairy   problems : . . . 

26  Computing  rations  for  farm  animals 

28  Recent  New  York  State  laws  giving  relief  from  taxation 

on  lands  used  for  forestry  purposes 

30  Hotbed  construction  and  management 

32  Composition  of  miUc  and  some  of  its  products 

34  Home-garden  planning 

36  Culture  of  red  and  black  raspberries  and  of  purple-cane 

varieties 

38  Principles  and  methods  of  plant-breeding 

40  Cotmty,  town,  and  village  forests 

42  Tilth  and  tillage  of  the  soil 

4A  Methods  of  breeding  oats 

40  Feeding  and  care  of  the  horse 

48  Culture  of  the  cherry 

(12  discussion  papers,  4  pages  each) 


Number  of 

pages   in     Number  of 

printed         copies 

DuUetin       ordered 

20 
52 

lo^ 

9.500 
15.000 

3.500 
40,000 

7.500 

7,000 

36 

7,000 

28 
52 
24 

12,000 
10,000 
10,000 

28 
84 

10,000 
15.000 

112 

7.000 

104 

7,000 

6,000 


4 

6,000 

20 

30,000 

8 

25.000 

20 

40,000 

12 

5.000 

12 

15.000 

8 

35.000 

12 

15*000 

12,000 

32 

20,000 

12 

15,000 

16 

40,000 

12 

40,000 

32 

40,000 

24 

25,000 

16 

40,000 

12 

20,000 

28 

50,000 

16 

30,000 

20 

40,000 

20 

25,000 

48 
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READING-COURSE  LESSONS  FOR  THE  FARM  HOME: 

25  Saving  strength 

27  Choice  and  care  of  utensils 

29  Cost  of  food 

31  Household  bacteriology 

33  Vegetable-gardening 

35  The  flower  garden 

37  Home  economics  at  the  New  York  State  College  of 

Agriculture 

39  The  farmhouse 

41  Rules  for  planning  the  family  dietary 

43  The  box  luncheon 

45  Hints  on  choosing  textiles 

47  A  canning  business  for  the  farm  home 

(11  discussion  papers — none  for  No.  37) 

RURAL  SCHOOL  LEAFLETS: 

November,  1912 

January.  1913 

February,  1913  (Agricultural  contests) 

March,  1913 

September,  1913 

ANNUAL  REPORT  FOR  1912 

ANNOUNCER: 

October,  1912 

November,  1912 

I>ecember,  1912 

January,  1913 

February,  1913 

March,  1913 

April,  1913 

May,  1913 

June,  1913 

July,  1913 

August,  1913 

September,  1913 

ANNOUNCEMENTS: 

Department  of  Forestry 

Summer  School 

Regular  Announcement  of  Courses 

Winter  Courses 

School  for  Leadership  in  Country  Life 

Handbook  of  Information  for  Students 

Winter  Course  Circular 


Number  of 
pa^  in    Number  of 
pnnted 
bulletin 


5d 
in 

copies 
ordered 

16 

35.000 

24 

40,000 

12 

40,000 

20 

40,000 

28 

50,000 

20 

40,000 

32 

45.000 

32 

50,000 

12 

50,000 

12 

45.000 

12 

45.000 

8 

45.000 

30 

16 

150.000 

20 

150,000 

96 

30,000 

32 

175.000 

212 

55.000 

1.867 


3,000 


55.000 
48,000 
49.000 
60,000 

70,000 
58,000 
60,000 

100,000 
64.500 
60.000 

70,000 
65.000 

20 

7,000 

It 

7,000 

20,000 

32 

4 

10,000 
1.500 
1.300 
5.000 

Work  handled  during  September^  to  be  printed  after  September  30 

BULLETINS: 

336  Distribution  of  moisture  and  salt  in  butter 


337  The  Babcock  test,  with  special  reference  to  testing  cream 

RURAL  SCHOOL  LEAFLETS: 

November,  1913 


•24 
•24 


*  Bstimated  number  of  pages. 


8.000 
15,000 


28        200,000 
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Joan 


Total 
number 


Total 
pages 


Copies 
printed 


Experiment  Station  bulletins 

Experiment  Station  memoirs 

Experiment  Station  circulars 

Reading-Course  for  Farm 

Supplement-?  to  Reading-Course  for  Farm 

Reading-Course  for  Farm  Home 

Supplements  to  Reading-Course  for  Farm  Home . 

Rural  School  Leaflets 

Announcers 

Annual  Reports 

Announcements 

Publications    handled    during    September,    to    be 
printed  after  September  30: 

Bulletins 

Rural  School  Leaflets 

Grand  totals 

Plus  supplements  omitted,  as  indicated  above . .  . 


15 

3 

:^ 

tl2 

12 

til 

5 

12 
I 

7 


79 
23 


102 


624 
216 
100 
240 

48 
228 

30 
376 

48 

1.867 

196 


§48 
28 


187,500 

14,000 

177.000 

397.000 

t397.ooo 

525.000 

{480, 000 

560,000 

759.500 

2,000 

51,800 


4.049 


2,673,800 
877,000 


3.550,800 


•  One  reprint. 

iNot  counted  in  grand  total  number  of  separate  publications  issued. 
Not  included  in  grand  total  of  copies  printed,  as  printed  with  the  bulletin. 
Estimated  number  of  pages. 


OTHER  ITEMS 

A  significant  recent  development  in  country-life  work  is  the  rapid 
establishment  of  farm  bureau  agencies.  The  College  of  Agriculture  is 
not  directly  concerned  in  the  organization  of  these  agencies,  but  it  is 
glad  to  aid  them  and  to -cooperate  with  them  on  the  educational  and 
scientific  side.  As  a  result  of  cooperation  between  the  United  States 
Department  of  Agriculture  and  the  College,  a  supervisor,  or  leader,  of 
the  farm  bureau  work  has  been  established  at  the  College  of  Agriculture, 
in  the  person  of  Lloyd  S.  Texmy.  Mr.  Tenny  not  only  has  charge  of  the 
farm-bureau  work  itself  under  the  auspices  of  the  United  States  Depart- 
ment of  Agriculture,  but  also  is  to  be  a  part  of  the  regular  staff  of  the  College 
and  to  maintain  a  supervisory  relation  with  former  students  in  respect 
to  their  farming  operations.  Seventeen  counties  in  New  York  now  have 
organized  farm  bureaus.  These  bureaus  have  administrational  relations 
with  the  United  States  Department  of  Agriculture  and  the  State  Department 
of  Agriculture,  and  educational  relations  with  the  College  of  Agriculture. 

The  College  itself,  through  its  Extension  Department,  has  many  repre- 
sentatives or  agents  in  the  different  cotmties,  who  are  to  advise  the  insti- 
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tution  as  to  the  needs  of  the  localities  and  who  take  part  in  the  organiza- 
tion of  local  extension  enterprises. 

The  former  Department  of  Horticulture  has  now  been  divided  into  three 
more  or  less  natural  imits.  One  of  these  imits  is  pomology,  which  was 
separated  some  years  ago.  At  present  the  floriculture  and  the  vegetable- 
gardening  are  being  separated  as  coordinate  departments.  This  means 
the  enlargement  of  the  floricultural  and  vegetable-gardening  work,  and 
expresses  the  desire  of  the  College  to  serve  adequately  these  great  interests 
in  the  State. 

Several  new  professors  have  recently  been  added  to  the  staff.  W.  H. 
Chandler,  of  the  University  of  Missouri,  becomes  a  Professor  of  Investiga- 
tion in  the  Department  of  Pomology;  F.  B.  Moody,  of  Wisconsin,  becomes 
Extension  Professor  in  the  Department  of  Forestry,  giving  that  department 
four  full  professors  and  one  assistant  professor.  K.  M.  Wiegand,  of 
Wellesley  College,  takes  charge  of  the  new  Department  of  Botany,  in  which 
a  large  staff  is  now  provided.  A  number  of  the  assistant  professors  have 
been  promoted  to  full  professorships.  The  total  nimiber  of  full  professors 
in  the  College  of  Agriculture,  devoting  themselves  exclusively  to  its 
work,  is  now  above  forty. 

We  greatly  regret  to  have  lost  the  services  of  Dr.  H.  J.  Webber,  who  has 
been  called  to  the  new  work  in  California.  Doctor  Webber  came  to  the 
Collie  with  an  established  reputation  as  an  investigator  and  plant-breeder, 
and  has  given  the  institution  many  years  of  spirited  and  devoted  service. 
He  leaves  the  Department  of  Plant-breeding  with  a  high  reputation. 

The  physical  establishment  has  seen  marked  improvements  within  the 
year.  The  farms,  some  of  which  are  recent  purchases,  are  now  beginning 
to  show  change.  Large  areas  are  devoted  to  special  interests.  About 
eighty  acres,  for  example,  is  devoted  exclusively  to  poultry  husbandry. 
Large  areas  have  been  set  aside  for  the  fruit-growing,  floricultural,  and 
vegetable-gardening  work.  A  farm  is  devoted  to  field  investigations. 
A  crop  garden  has  been  established.  A  ntmiber  of  minor  buildings  have 
been'  erected  or  improved  on  the  farms.  The  dairy  business  has  been 
extended.  The  College  nbw  owns  four  creameries  or  nwlk  stations,  cover- 
ing a  territory  some  twenty  miles  to  the  rear  of  the  institution.  The 
Department  of  Dairy  Industry  draws  milk  from  more  than  twelve  hxm- 
dred  cows. 

The  groimds  are  beginning  to  take  shape,  although  there  is  not  yet 
any  proper  road  access  to  the  College  of  Agriculture  either  from  the  main 
campus  or  from  the  public  highwaj^.  Several  new  buildings  are  under 
way  and  imder  plan.  The  ten-years  plan  adopted  some  years  ago  by  the 
Board  of  Trustees  is  probably  at  present  about  half  completed.  This 
plan  must  be  speedily  brought  to  a  conclusion  if  the  College  is  to  be  able 


Digitized 


by  Google 


Report  op  the  Dirbctor  xxv 

to  handle  effectivdy  the  increasing  numbers  of  students.  I  am  convinced 
that  the  general  plan  as  outlined,  with  such  necessary  extensions  as 
develop  in  the  meantime  and  with  a  properly  increased  staff,  will  enable 
the  institution  to  handle  with  efficiency  and  success  more  students  than 
it  now  has. 

Respectfully  submitted, 

L.  H.  BAILEY. 
Director  New  York  State  College  of  Agriculture. 
W,  A.  STOCKING,  Jr., 
Acting  Director  New  York  State  College  of  Agriculture, 
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STATEMENT  OP   STATE   MAINTENANCE   APPROPRIATION 
I912-1913 

October  i,  1912.    Appropriation,  $265,000. 

Expended  as  follows: 

Plant-breeding $     i  ,889 .  72 

Drawing 182 .  93 

Farm  Practice 14 ,  199 .  07 

Pomology 2 ,823 .  52 

Home  Economics 2 ,006. 56 

Forestry i  ,739-75 

Landscape  Art 1,592.21 

Animal  Hiisbandry 10,686. 13 

Entomology 3,012.74 

Plant  Pathology i ,  590 .  19 

Nature  Study 227 .38 

Plant  Physiology 3 >433 -60 

Riu-al  Economy 146. 10 

Library 392-57 

Meteorology 29.25 

Chemistry 962 .49 

Horticulture 3 1 195  •  S3 

Farm  Management 2 ,337 . 01 

Farm  Mechanics 2 ,690. 00 

Dairy  Industry 11, 511. 13 

Soil  Technology i  ,381 .40 

Poultry  Husbandry 7 ,948.44 

Administration 49,727.75 

Salaries 141,294.53 

Total $265 ,000  00 

No  tmexpended  balance  after  September  30,  1913. 

EXTENSION  WORK 

October  i,  191 2.    Appropriation  for  extension  work,  $50,000.00. 

Expended  as  follows: 

Plant  Pathology $  i  ,052 .  16 

Rural  Economy 76.82 

Entomology 75-36 

Administration 2 ,  525 .  77 

Pomology 1 ,  191 .  85 

Horticulture 428 .  36 

Dairy  Industry i  ,027.94 
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Farm  Management $  i  ,375 .  58 

Plant-breeding 698 .  51 

Animal  Husbandry 800. 54 

Home  Economics i  ,638. 87 

Rural  Education i  ,470. 16 

Soil  Technology 3 ,  i86 .61 

Poultry  Husbandry i  ,685 .  58 

Farm  Practice. .  / i  ,846 .  59 

Extension  Teaching 9 >9SS •  66 

Salaries 21,963.64 

Total $50,000  00 

No  unexpended  balance  after  September  30,  1913. 


experiment  station  funds 


July  I,  1913 


Hatch 

Adams 

Expended  as  follows: 

Salaries 

Labor 

Publications 

Postage  and  stationery 

Freight  and  express 

Heat,  light,  water,  and  power 

Chemicals  and  laboratory  supplies. . 

Seeds,  plants,  and  sundries 

Fertilizers 

Feeding  stuffs 

Library 

Tools,  machinery,  and  appliances  .  . 

Furniture  and  fixtures 

Scientific  apparatus  and  specimens. 

Live-stock 

Traveling  expenses 

Contingent  expenses 

Buildings  and  land 


Total. 


No  unexpended  balance  after  September  30,  1913. 


Received 

Expended 

$13,500 

$13,500 

13,500 

13,500 

Hatch 

Adams 

$6,218.27 

$6,753-23 

3,95157 

4,817.34 

131.85 

911.43 

134.7s 

175.13 

14-32 

369.44 
214.32 

541.96 

311.72 

245.08 

91.37 

29.00 

77.68 
27.06 

76.56 

214.90 

II0.2I 

112.74 

330.67 

150.00 
100.00 

267.95 

72.91 

20.00 

154-57 

373.97 

$13,500.00 

$13,500.00 
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January  23,  IQ14 

W.  A.  Stocking,  Jr.,  Acting  Director,  College  of  Agriculture,  Cornell 
University,  Ithaca,  New  York: 

Sir: — In  accordance  with  the  instructions  received  through  your 
general  office  we  have  made  a  detailed  audit  and  examination  of  your 
books  and  accoimts  for  the  fiscal  year  beginning  October  i,  19x2,  and 
ended  September  30,  1913,  both  inclusive,  and  as  a  result  submit  here- 
with financial  statement  showing  receipts  of  all  moneys  by  your  office 
from  the  various  departments,  and  deposited  with  the  University 
Treasurer. 

For  your  convenience  we  have  made  an  analysis  of  these  receipts, 
showing  the  cash  received  from  each  department. 

We  have  verified  these  amoimts  as  entered  on  your  cash  book,  with 
the  duplicate  copy  of  the  original  receipt  as  given  to  the  department 
making  such  deposit,  and  we  have  further  satisfied  ourselves  as  to  the 
accuracy  of  same  by  comparing  these  amoimts  with  the  entries  made 
on  the  books  of  the  contributing  departments. 

We  have  also  checked  the  postings  from  your  cash  book  to  the  respective 
accounts  on  the  general  ledger,  and  can  certify  that  each  department 
has  got  full  credit  for  same.  We  have  verified  all  footings  and  found 
same  to  be  correct. 

We  have  also  verified  the  amounts  credited  on  the  personal  accounts 
(for  goods  ptirchased  from  the  several  departments)  and  have  found  in 
every  case  that  a  corresponding  entry  has  been  made  on  the  cash  book, 
that  the  money  has  been  actually  received  and  later  deposited  with  the 
University  Treastirer. 

In  further  corroboration  of  this,  we  have  compared  the  amounts  as 
shown  on  the  cash  as  being  deposited  with  the  Treasurer,  with  the 
amoimts  as  entered  on  the  books  of  the  Treasiu:«:*s  Office,  and  can  certify 
as  to  the  correctness  of  same. 

We  have  coimted  the  cash  in  the  hands  of  your  clerk  and  bookkeeper 
and  find  same  to  agree  with  the  balance,  as  shown  on  the  cash  book. 

We  have  made  several  suggestions  to  your  clerk  as  to  the  details  of 
your  bookkeeping,  which  will  greatly  facilitate  matters  in  the  event  of 
reference  to  any  of  the  accoimts. 

We  desire  to  say  that  every  facility  has  been  afforded  to  us,  in  order 
to  make  this  audit  as  complete  and  thorough  as  possible,  and  we  are  of 
the  opinion  that  the  statement  attached  hereto  represents  the  actual 
cash  received  from  all  sources  during  the  period. 
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We  have  pleasiire  in  testif  3dng  that  we  found  the  books  in  first-class 
order,  the  entries  being  neatly  and  correctly  recorded,  and  considering 
the  large  amount  of  detail  work  in  connection  with  your  office,  is  an 
evidence  of  care  and  attention  on  the  part  of  your  bookkeeper. 
Respectfully  submitted, 

NATIONAL  AUDIT  COMPANY, 

(Signed)        GEORGE  WATSON, 

Certified  Accountant. 
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DEPARTMENT  OF  FARM  MANAGEMENT 

TEACHING 

The  total  number  of  students  taking  work  in  this  Department  during 
the  year  1912-1913  was  as  follows: 


Course  Subject 

I Farm  Management 

I Farm  Management 

3 Advanced    Farm    Manage- 
ment  

4 Research 

5 Seminar 

5 Seminar 

Graduate  students. 

Graduate  students 

Winter  Course  17 

Winter  Course  18 

Siunmer School, courseC  

Siunmer School, courseB  

Besides  the  graduate  work,  a  total  of  1544  student  hours  of  instruction 
was  given.  The  number  of  instructors  is  too  small  for  the  number  of 
students. 

INVESTIGATION 

The  chief  Unes  of  investigation  are  as  follows: 

1.  The  agricultural  surveys  of  Livingston  and  Jefferson  coimties  are 
not  yet  completed. 

2.  The  Department  is  continuing  to  study  the  most  successftd  farms 
that  are  found  by  survey  methods.  The  study  includes  not  only  those 
that  are  the  most  successftd  of  all,  but  also  those  that  are  the  most  success- 
ful imder  special  conditions,  such  as  successful  farms  with  small  capital 
and  successful  farms  on  unfavorable  soil  types.  Successful  tenants  are 
studied  as  they  change  to  new  farms,  and  the  records  of  the  old  farms  are 
obtained  under  the  different  management.  The  Department  hopes  to  con- 
tinue this  work  permanently.  The  work  is  being  done  by  Professor 
Livermore. 

3.  The  study  of  the  cost  of  producing  milk  in  Delaware  county  is  being 
continued  by  Mr.  Thompson.    In  order  to  obtain  results  in  a  year  with 
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different  food  prices,  the  same  farms  were  again  visited  in  the  summer 
of  19 13  and  records  were  obtained. 

4.  The  work  begun  three  years  ago  in  keeping  complete  sets  of  cost 
accounts  on  some  farms  is  being  extended.  This  year  such  accounts 
are  being  kept  on  over  fifty  farms.  During  the  past  two  years  the  work 
has  been  done  in  cooperation  with  the  United  States  Department  of 
Agrictdture.     Mr.  Ladd  has  charge  of  the  work. 

5.  The  cost  of  producing  potatoes  is  being  studied  by  the  siui^y  method. 
For  this  investigation  335  records  were  obtained  on  Long  Island  and  362 
records  in  Steuben  county.  The  Department  of  Farm  Crops  is  cooperating 
in  the  work  and  is  studying  methods  of  growing  potatoes. 

EXTENSION 

The  investigative  work  mentioned  above,  particularly  that  in  cost 
accotmts,  is  also  extension  work.  The  Department  has  sent  representa- 
tives to  some  farm  meetings  and  has  answered  many  letters  from  farmers. 

recommendations 
The  most  important  need  at  present  is  additional  teaching  force,  and 
one  or  two  professors  to  devote  their  entire  time  to  extension  work. 

G.  F.  WARREN, 
Professor  of  Farm  Management, 
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TEACHING 

Teaching  in  farm  practice  dtiring  the  past  year  was  confined  to  that 
given  the  winter-course  students,  of  whom  there  were  260  registered. 

In  farm  crops  instruction  was  offered  in  eight  courses.  AU  this  instruc- 
tion was  given  by  Professor  Montgomery,  with  assistance  in  the  labora- 
tory work.  The  total  nimiber  of  undergraduate  students  was  300,  with 
1 1 12  credit  hours;  there  were  8  graduate  students. 

INVESTIGATION 

The  following  investigative  work  has  been  undertaken  in  connection 
with  the  demonstration  garden:  * 

Relation  of  time  and  frequency  of  cutting  on  yield  and  duration  of  forage 
crops, —  For  this  test  fourteen  of  the  common  grasses  and  clovers  have 
been  sown  in  plats.  A  part  of  each  plat  will  be  cut  as  hay,  and  a  part 
will  be  cut  frequently  as  though  \mder  pasture.  Four  principal  obser- 
vations will  be  made,  as  follows:  (i)  effect  of  each  treatment  on  the 
Ufe  of  the  sod;  (2)  period  of  maximum  production  under  each  treatment; 
(3)  total  production  of  dry  matter  under  each  treatment;  (4)  variation 
in  production  during  the  season. 

Another  series  of  plats  will  be  manured  each  year,  and  a  third  series 
will  be  fertilized.  The  same  observations  will  be  made  on  these  series 
as  on  the  first. 

Nurse-crop  experiment, —  This  experiment  was  made  in  order  to  deter- 
mine the  direct  effect  of  the  nurse  crop  on  the  seeding.  Oats  and  barley, 
sown  at  different  rate^  are  used  as  nurse  crops,  and  alfalfa,  red  clover, 
and  timothy  are  used  as  seeding. 

Lawn  grasses  and  mixtures. —  In  connection  with  establishing  demon- 
stration plats,  studies  will  be  made  of  the  principal  turf  grasses. 

Demonstration  and  economic  garden, —  The  experiments  outlined  above 
are  being  made  in  this  garden,  and  are  to  be  regarded  as  demonstration 
work  as  well  as  experiments.  Other  demonstration  work  is  planned. 
A  beginning  has  been  made  toward  a  collection  of  economic  plants  and 
their  relatives.  It  is  planned  to  make  this  garden  a  field  laboratory, 
supplementary  to  the  teaching  work.  The  garden  will  be  of  particular 
value  in  the  stunmer  course. 

EXTENSION 

The  principal  extension  enterprise  of  the  Department  has  been  the 
potato  stuvey.    The  proposed  plan  is  to  conduct  a  survey  in  each  of 
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the  five  or  six  principal  potato-growing  regions  in  New  York  State. 
During  the  past  stimmer  335  records  were  taken  on  Long  Island,  and  362 
from  the  Steuben-Livingston-county  region.  Some  attention  is  given 
to  the  formation  of  a  potato-growers*  association. 

Additional  extension  work  dtiring  the  year  consisted  in  the  attendance, 
by  Professor  Stone  and  Professor  Minns,  at  eight  extension  schools; 
attendance  at  eight  meetings;  and  personal  visits  to  eight  farms.  The 
correspondence  of  the  Department  has  continued  very  heavy  throughout 
the  year;  and  the  bulk  of  this  correspondence  is  distinctly  extension  work» 
answering  questions  from  the  farmers  of  the  State. 

recommendations 
Farm  practice 

The  improvement  of  the  farms  continues,  and  more  work  in  farm 
drainage  and  the  clearing  of  hedgerows  has  been  done  this  year  than 
for  several  years  past.  The  limiting  factor  in  this  kind  of  work  in  the 
past  has  been  available  teams.  Men  can  always  be  found  to  do  the 
hand'  work,  but  the  Department  cannot  imdertake  jobs  for  which  it 
cannot  furnish  team  work.  This  work  is  at  its  height  at  the  end  of  the 
fiscal  year,  extensive  jobs  being  imder  way.  It  is  therefore  impossible 
to  state  the  exact  ntmiber  of  rods  of  drains  that  have  been  laid  or  of 
hedgerows  that  have  been  cleared. 

Regarding  land,  with  the  area  rented  the  College  has  land  enough 
to  meet  its  requirements  fairly  well.  Some  of  the  rented  land  should 
be  purchased  when  it  comes  on  the  market,  and  there  are  two  or  three 
pieces  of  land,  not  rented,  which,  owing  to  their  location,  should  be  pro- 
cured when  it  is  possible.  The  Department  is  in  no  hurry  to  acquire 
this  land,  because  at  present  there  is  plenty  of  improvement  work  to  be 
done  on  the  land  that  it  already  owns. 

A  matter  that  has  caused  considerable  difficulty  is  the  finding  of  living 
accommodations  for  the  farm  laborers.  More  cottages  are  needed,  also 
a  large,  roomy  boarding  house.  In  order  to  meet  the  latter  need,  the 
Button  house,  in  Forest  Home,  has  been  rented  and  here  accommodations 
have  been  provided  for  some  of  the  men.  There  are  two  reasons  for  this 
need:  first,  the  teamsters  must  be  located  near  enough  to  the  bams  to 
allow  of  their  going  there  to  do  some  of  their  chores  before  breakfast 
and  after  supper;  second,  living  expenses  are  so  high  in  Ithaca  that, 
while  the  College  is  perhaps  paying  more  than  the  usual  rate  of  farm 
wages,  the  men  who  pay  their  board  are  not  able  to  save  from  their  wages 
as  much  as  the  ordinary  farmer  pays  them  with  board  and  room  furnished. 
The  College  must  either  manage  to  furnish  the  men  cheaper  accommoda- 
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tions,  or  else  increase  their  pay.  Increasing  the  pay,  however,  would 
not  solve  the  question  of  nearness  to  the  barns.  The  Department  is 
therefore  trying  the  experiment  of  furnishing  the  men  with  accommoda- 
tions near  by,  with  the  hope  of  making  the  expense  less. 

Farm  crops 

At  least  two  additional  fuU  professors  are  needed  in  the  Department, 
in  order  that  present  needs  may  be  adeqtmtely  supplied.  No  adequate 
graduate  work  can  be  developed  without  more  help  in  teaching.  The 
extefision  work  among  farmers  must  wait  until  a  qualified  man  can  be 
employed  for  this  particular  work.  With  the  development  of  the  demon- 
stration and  economic  garden,  a  competent  man  is  needed  for  field  work. 

Practically  no  suitable  land  is  assigned  to  the  Department  at  present 
for  experimental  work.  A  few  acres  should  be  assigned  soon,  and  steps 
should  be  taken  to  provide  more  land  in  the  future;  in  time  fifty  or  sixty 
acres  will  be  needed.  The  Kline  farm,  north  of  Beebe  Lake,  would  be 
very  desirable  if  it  could  be  acquired. 

A  good  field  house  is  needed,  with  a  cellar  for  root  storage.  Such  a 
house  should  have  a  fireproof  section  for  the  storage  of  valtmble  seeds. 

In  connection  with  the  economic  garden,  a  small  greenhouse  and  a 
set  of  cold  frames  should  be  provided. 

In  time  a  Skinner  irrigation  system  should  be  provided  for  a  part  of  the 
garden,  so  that  good  specimens  can  be  grown  in  dry  years. 

THE  COLLEGE  FARMS 

The  New  York  State  College  of  Agriculture  has  766  acres  of  land  and 
rents  150  acres  additional,  making  a  total  of  916  acres  under  college 
management.  These  farms  are  nm,  not  for  commercial,  but  for  edu- 
cational, purposes,  and  the  practices  are  therefore  modified  so  as  to  meet 
the  varied  demands  of  the  institution. 

Land  in  the  vicinity  of  the  College  is  very  broken,  aboimding  in  hills 
and  dales,  brooks  and  gorges.  In  consequence,  less  than  one  half  of  the 
total  area  is  now  available  for  tillage.  Of  the  916  acres,  508  are  classified 
as  arable,  188  as  pasture,  and  133  as  wood  and  waste,  48  are  devoted  to 
college  campus,  buildings,  and  old  orchards,  and  39  are  retained  for  other 
uses. 

Of  the  tillable  area,  45  acres  have  been  laid  out  in  permanent  experi- 
ment plots  for  the  use  of  the  departments  of  Soil  Technology  and  Plant- 
breeding;  50  acres  have  been  assigned  to  the  Department  of  Pomology 
and  are  largely  planted  to  yoimg  trees;  45  acres  have  been  assigned  to 
the  Department  of  Horticulture;  73  acres  to  the  Department  of  Poultry 
Husbandry;  9  acres  to  farm-crops  garden  and  experiments;  and  there 
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are  left  to  the  Department  of  Farm  Practice  and  Farm  Crops  286  acres 
on  which  to  conduct  the  regular  farm  operations. 

The  soil  of  the  college  farms  is  heavy,  nearly  all  of  it  being  Dunkirk 
day  loam.  A  few  fields  at  the  extreme  southeastern  comer  are  Volusia 
stony  loam.  The  EHuddrk  clay  loam  is  entirely  unsuited  to  potatoes 
and  is  not  well  adapted  to  com,  but  will  grow  fair  crops  of  com  if  heavily 
manured.  It  is  well  adapted  to  wheat,  oats,  timothy,  and  clover.  The 
Volusia  stony  loam  is  well  adapted  to  com  and  potatoes  when  well  drained 
and  freed  from  stones.  The  recently  acquired  areas  lack  both  these 
improvements. 

In  order  that  they  may  be  readily  accessible  from  the  college  build- 
ings, the  principal  bams  have  been  located  at  the  extreme  western  end 
of  the  large  farm  domain.  This  entails  a  very  long  haul  for  a  large  part 
of  the  farm  crops  and  of  the  manure,  entailing  a  heavy  labor  cost. 

In  planning  the  cropping  scheme,  or  rotations,  for  the  farms,  three 
considerations  have  been  kept  in  view  —  the  soil  adaptation,  the  long  haul, 
and  the  forage  requirements  of  the  live-stock.  Fortunately,  these  con- 
siderations harmonize  in  the  main.  The  heavy  soil  and  the  long  haul 
make  the  growing  of  the  desired  amount  of  com  for  silage  a  difficult 
task.  It  is  on  this  point  that  the  rotations  hinge.  The  needed  silage 
cannot  be  ptu-chased  elsewhere.  A  surplus  of  silage  or  com  fodder  could 
not  be  disposed  of.  SuflBcient  silage  com  is  grown,  and,  so  far  as  possible, 
within  easy  hauling  distance  of  the  bams.  Besides  the  com,  the  farms 
raise  oats,  wheat,  clover,  timothy,  and  potatoes,  because  they  are  adapted 
to  the  soil  and  are  needed  at  the  bams  or  are  of  ready  sale. 

In  planning  the  rotations,  twenty-three  fields  are  divided  into  five 
groups.  The  first  group,  comprising  fields  numbers  6,  7,  8,  11,  and  12, 
is  located  convenient  to  the  sUos  and  therefore  should  be  made  to  produce 
as  much  com  as  is  practicable.  This  land  is  in  com  two  years  out  of  five. 
The  rotation  is:  first  year,  com;  second  year,  com;  third  year,  oats;  fourth 
year,  wheat;  fifth  year,  clover.  The  purpose  is  to  grow  the  first  crop  of 
com  on  the  clover  sod  without  manure;  to  sow  in  the  com  at  the  last 
cultivation  a  catch  crop  of  rye,  manure  to  be  applied,  and  both  it  and  the 
rye  plowed  down  for  the  second  crop  of  com.  Timothy  seed  is  applied 
in  the  fall  with  the  wheat,  and  clover  in  the  spring.  The  com  stubble  is 
plowed  in  the  fall,  so  as  to  be  ready  for  the  early  sowing  of  oats.  The  oat 
stubble  is  broken  immediately  after  harvest,  so  as  to  give  as  long  a  time 
as  possible  for  fitting  the  land  for  wheat. 

The  second  group  is  composed  of  four  fields,  nimibers  3,  4,  16,  and  17. 
Two  are  near  the  bams  and  two  are  rather  remote.  On  these  fields  the 
rotation  is  com,  oats,  wheat,  and  clover.  This  land  bears  com  once  in 
four  years. 
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The  third  group  comprises  fields  numbers  lo,  20,  22,  23,  and  a  combina- 
tion of  21  and  24.  These  fields  are  so  remote  from  the  main  bams  as  to 
make  the  hauling  of  sUage  from  them  expensive.  No  more  com  is  groivn 
on  them  than  is  necessary.  It  is  foimd  that  a  crop  of  com  on  this  land 
once  in  five  years  will  probably  meet  the  requirements.  The  rotation 
adopted,  therefore,  is:  first  year,  com;  second  year,  oats;  third  year, 
wheat;  fourth  year,  clover;  fifth  year,  timothy. 

The  foiuth  group  comprises  fields  nimibers  51,  52,  53,  55,  and  56,  on 
the  southeast  farm.  This  farm  is  so  far  from  the  main  bams  that  the 
hauling  of  silage  is  prohibitive.  This  land,  therefore,  is  devoted  as  fully 
as  possible  to  the  production  of  hay.  It  is  planned  to  break  this  land  after 
haying,  fit  and  sow  to  winter  grain  or  oats,  seed  back  to  timothy  and 
clover,  and  mow  for  four  years.  Manure  may  be  applied  as  a  top-dressing 
to  the  grass  or  when  the  land  is  broken.  Nitrate  of  soda  may  be  used  in 
order  to  increase  the  yield  of  timothy.  This  rotation  is  still  in  the  experi- 
mental stage.  If  it  is  foimd  that  a  field  of  com  is  desired  for  grain  and 
dry  fodder,  com  can  be  grown  when  the  land  is  broken. 

The  fifth  group  comprises  fields  numbers  57,  58,  and  59.  These  fields 
are  practically  the  only  ones  on  the  college  domain  that  are  at  all  well 
adapted  to  potato-growing,  and  these  are  not  in  satisfactory  condition 
for  this  use  because  they  are  very  stony  and  water  seeps  from  the  hill 
to  the  south  and  keeps  them  wet  for  a  long  time  after  wet  weather.  Drain- 
age and  clearing  will  correct  this. 

A  short  rotation  —  first  year,  potatoes;  second  year,  oats;  third 
year,  clover  —  has  been  adopted  for  this  group.  It  is  the  practice  to 
plow  the  sod  in  the  fall  for  rye,  apply  manure  during  the  winter,  and  plow 
down  for  potatoes  in  the  spring.  This  gives  a  weU-rotted  sod  and  addi- 
tional organic  matter. 

It  is  desired  to  call  attention  to  the  fact  that,  while  such  a  cropping 
scheme  may  seem  rather  ironclad  and  not  suited  to  variable  needs,  it 
really  is  very  adaptable.  If  it  is  found  that  the  rotations  give  more  com 
than  is  desired,  the  sod  field  in  the  first  group  that  is  due  to  be  broken 
for  com  may  be  mowed  £  second  time,  thus  giving  two  crops  of  hay  instead 
of  two  crops  of  com.  Or,  if  it  is  found  that  the  area  of  com  must  be 
increased,  part  of  the  land  in  the  third  group  may  be  broken  after  mowing 
once  instead  of  after  mowing  twice,  and  be  made  to  grow  two  crops  of 
com  in  five  years  instead  of  one.  If  very  short  of  hay  and  no  com  area 
can  be  spared,  wheat  may  be  dropped  out  of  the  rotation  and  the  seeding 
done  in  the  oats,  and  thus  an  extra  year  of  hay  on  the  land  may  be  gained. 

If,  owing  to  a  very  wet  autunm,  it  is  impossible  to  do  the  usual  wheat 
seeding,  as  sometimes  happens,  the  area  intended  for  wheat  may  be 
sown  to  oats  in  the  spring  and  the  meadow  seeds  added  at  this  time. 
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If  a  piece  of  roots  or  cabbage  is  desired,  it  may  be  given  a  small  area 
on  the  land  that  is  to  grow  com  for  the  second  time.  None  of  these 
variations  disarrange  the  general  cropping  scheme  in  the  least. 

While  a  large  nimiber  of  crops  are  not  grown  in  the  farm  rotations, 
field  ntimber  5  has  been  set  aside  as  a  farm-crops  garden  and  demon- 
stration area.  Here  every  crop  that  can  be  grown  in  this  region  will  be 
planted  and  demonstrations  of  cultural  methods  will  be  made. 

Owing  to  variations  in  the  size  of  fields  the  annual  planting  of  the  several 
crops  will  vary  somewhat ;  however,  the  following  is  about  what  the  average 
areas  will  be: 


Potatoes 7  acres 

Com 44  acres 

Oats so  acres 

Wheat 34  acres 


Roots 3  acres 

Clover 55  acres 

Timothy 48  acres 

Alfalfa 30  acres 


The  cropping  scheme  described  above  is  not  yet  fully  in  operation. 
The  following  are  the  areas  planted  and  the  production  for  191 2 : 

Acres    Products  (as  far  as  harvest  is  completed) 

Com 58  387  tons  silage 

Oats  and  peas 7  36  tons  silage 

Oats 34  1 ,943  bushels 

Wheat 4  100  bushels 

Clover. 46 1  o  ^ 

Timothy 60I  3i8tons 

Alfalfa 29  102  tons 

Rye 4 

Meadow  seeding.' 21  (No  nurse  crop) 

Roots 2  55  tons 

Cabbage J 

Soy  beans i 

Farm-crops  garden i 

Potatoes 4  1 ,000  bushels 

J.  L.  STONE, 
Professor  of  Farm  Practice  and  Farm  Crops. 

E.  G.  MONTGOMERY, 

Professor  of  Farm  Crops. 
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DEPARTMENT  OF  PLANT-BREEDING 

TEACHING 

The  work  of  instruction  has  continued  to  grow  very  rapidly  dtiring 
the  past  year.  Over  two  hundred  persons  were  registered  in  the  under- 
graduate courses,  and  a  strong  tendency  was  observed  toward  a  much 
larger  registration  in  the  advanced  courses.  Many  more  students  are 
specializing  in  plant-breeding  than  has  formerly  been  the  case. 

Instruction  to  postgraduate  students  also  has  gradually  grown.  The 
demand  has  increased  much  beyond  the  capacity  or  the  facilities  of  the 
laboratory.  The  Department  is  more  and  more  cramped  for  space. 
Many  agricultural  colleges  throughout  the  country  have  granted  leave 
of  absence  to  their  teachers  or  investigators  in  plant-breeding,  in  order 
that  they  may  spend  a  year  or  more  in  our  laboratory. 

A  much  closer  cooperation  has  been  perfected  with  other  departments 
teaching  the  various  phases  of  plant  industry  and  also  of  breeding. 

RECOMMENDATIONS 

The  Department  wishes  to  repeat,  with  renewed  emphasis,  the  requests 
of  the  past.  The  great  increase  in  registration  of  students  makes  relief 
absolutely  necessary.  Greater  laboratory  space  must  be  provided  in 
order  to  accommodate  the  students. 

The  immediate  establishment  of  an  arboretiun  and  a  botanical  garden 
is  urged.  For  purposes  of  instruction  and  investigation  there  should 
be  a  large  collection  of  native  and  foreign  plants,  for  use  in  various  ways 
in  breeding  work. 

It  is  recommended  that  fimds  be  set  aside  for  engaging  nonresident 
lecturers  to  give  lectures  on  genetics.  This  field  is  so  broad  and  so  technical 
that,  in  order  to  make  it  complete,  parts  of  the  instruction  should  be  given 
by  specialists.  The  large  number  of  postgraduate  students  gathered 
from  all  over  the  country  should  have  an  opporttmity  to  come  in  touch 
here  with  specialists  in  the  various  phases  of  genetics. 

A  plan  was  projected  by  the  former  head  of  this  Department,  by  which 
postgraduate  students  in  genetics  from  Harvard  and  Columbia  uni- 
versities could  study  here  for  one  semester  during  the  three-years  study 
for  the  doctor's  degree,  and  our  students  could  study  at  either  Harvard 
or  Columbia  for  an  equal  time.  This  would  give  the  students  a 
breadth  of  training  and  a  different  point  of  view.  The  Department 
believes  this  to  be  a  good  plan,  and  wishes  to  forward  it  to  completion. 

The  Department  recommends  also  greater  facilities  for  graduate  and 

undergraduate  work  in  genetics;  greater  laboratory  and  greenhouse  space; 

better  library  facilities ;  and  greater  funds  with  which  to  make  more  efficient 

the  work  of  the  Department.  ARTHUR  W  GILBERT 

In  charge  of  instruction. 
[zxzviii] 
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INVESTIGATION 

Experiments  in  breeding  timothy 

The  timothy-breeding  experiments,  begun  in  1903,  are  still  in  progress 
and  are  still  productive  of  interesting  results.  Dtuing  the  course  of  this 
investigation  more  than  two  hundred  and  fifty  types,  or  varieties,  of 
timothy  have  been  isolated.  The  majority  of  these  are  still  in  the  experi- 
ment and  furnish  excellent  material  for  study.  There  have  been  two 
aspects  to  this  piece  of  investigation,  the  scientific  and  the  practical. 

From  the  scientific  standpoint,  the  study  of  the  various  types  as  to 
the  transmission  of  different  characters  continues  to  be  of  interest.  Many 
of  these  types  have  now  been  under  observation  for  a  period  of  seven  years. 
Notes  are  being  kept  of  the  development  of  individual  plants  during 
their  entire  life  history. 

Statistical  data  of  the  most  widely  var5dng  sorts  are  being  kept,  and 
sufficient  of  these  are  now  on  hand  to  justify  a  biometrical  treatment 
for  the  purpose  of  definitely  describing  the  different  kinds.  In  this  con- 
nection the  study  of  the  correlation  of  various  characters  will  be  of  value, 
and  such  a  study  can  be  made  from  the  above  data. 

During  the  progress  of  the  experiment  many  clonal  propagations 
have  been  made  from  individual  plants.  There  has  been  some  indica- 
tion that  bud  variation  occurs  in  some  of  these  instances.  Careful 
propagations  have  been  made  for  the  purpose  of  studying  this  point, 
but  the  plants  have  not  yet  developed  sufficiently  to  obtain,  definite  results. 

It  has  been  clearly  demonstrated  that  in  some  crops,  especially  com, 
there  is  a  decrease  of  vigor  when  strains  are  purified  by  inbreeding,  but 
that  this  vigor  is  readily  regained  by  cross-breeding  of  different  pure 
strains.  Timothy,  being  an  open-fertilized  plant,  may  be  analogous  to 
com  in  this  respect.  As  stated  above,  many  different  strains  of  timothy 
have  been  isolated.  Although  these  are  not  pure  in  the  sense  of  the  pure- 
line  theory,  they  are  pure  for  many  of  the  grosser  characters.  It  is  a 
question  whether  or  not  this  purification  by  inbreeding  decreases  the  vigor. 
In  order  to  furnish  evidence  on  this  question,  five  of  the  best  strains  have 
been  planted  together  in  a  composite  bed.  The  seed  from  this  bed  will 
be  grown,  and  the  plants  will  be  compared  with  those  produced  by  seed 
from  the  same  so-called  pure  strains. 

The  old  broadcast  test  plats,  sown  in  1908  to  the  most  promising 
strains  in  comparison  with  the  best  available  commercial  seed,  were 
plowed  this  year  soon  after  the  hay  had  been  cut.  Such  action  was 
necessary  because  of  an  exchange  of  land  between  this  Department  and 
other  departments.  From  this  series  of  plats,  which  had  been  grown  for 
four  years,  some  gratifying  results  have  been  obtained.  In  this  test  there 
were  originally  seventeen  new  varieties  compared  with  seven  check  plats 
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of  the  commercial  seed.  One  of  the  plats  was  destroyed  by  a  road,  leaving 
sixteen  of  the  new  varieties  in  the  test.  From  these  sixteen  new  varieties, 
the  average  gain  for  four  years  of  the  five  best  over  their  checks  has  been 
2 1  GO  pounds  per  acre;  five  others  have  given  an  average  increase  of 
over  I  GOO  pounds  per  acre,  five  others  have  ranged  between  284  and  975 
potmds  per  acre  increase,  while  only  one  was  inferior  to  the  check.  The 
above  varieties  have  been  repeated,  together  with  a  large  niunber  of  other 
promising  varieties,  in  fortieth-  and  eightieth-acre  plats.  These  will 
be  continued  for  several  years  before  final  conclusions  can  be  drawn. 

The  distribution  of  seed  begun  in  19 12  has  been  continued  this  year, 
so  far  as  the  amount  of  seed  available  wotdd  allow.  In  addition  to  this, 
there  are  in  progress  foiuteen  cooperative  experiments  in  different  parts 
of  the  State  for  the  purpose  of  testing  the  new  varieties  further  and 
increasing  the  seed.  Thus  the  seed  is  being  increased  as  rapidly  as  possible, 
and  it  is  expected  that  the  best  varieties  will  soon  be  available  in  com- 
mercial quantities. 

Experiments  in  breeding  com 

The  corn-breeding  experiments  that  have  been  conducted  by  this 
Department  have  been  continued  as  in  preceding  years,  with  one  excep- 
tion which  will  be  noted  later  As  noted  in  previous  reports,  the  corn- 
breeding  has  been  conducted  by  the  ear-to-row  plat  method.  Plats  of 
Pride  of  the  North  at  Aurora  and  Funk*s  Ninety  Day  at  Ballston  Lake 
have  been  under  way  for  six  years.  A  change  was  made  in  the  method 
at  Ballston  Lake  for  19 13.  This  plat  was  not  planted  by  the  ear-to-row 
method,  but  the  best  progenies  were  mated  and  grown  there  and  selec- 
tions were  made  from  these.  At  Bedford  HiUs  also  an  experiment  in 
the  selection  of  Ftmk's  Ninety  Day  is  being  conducted,  having  been 
started  in  19 10  from  seed  from  the  plat  at  Ballston  Lake. 

The  main  object  of  these  experiments  is  to  obtain  strains  of  dent  com 
that  will  mature  imderNew  York  conditions  and  will  also  give  a  high 
yield  of  grain.  These  different  strains  are  responding  very  markedly  to 
the  selection  for  earliness.  The  effect  of  this  selection  is  well  illustrated 
by  the  results  of  a  test  made  at  Ballston  Lake:  A  composite  sample  of 
select  seed  was  obtained  by  taking  a  small  quantity  of  seed  from  each  of 
the  ears  which  were  to  be  planted  in  the  breeding  plat.  In  order  to  com- 
pare the  gain  in  earliness,  rows  of  this  seed  were  planted  alternately 
with  rows  of  the  original  unselected  seed.  The  crops  from  these  alternate 
rows  were  harvested  and  were  carefully  compared  with  reference  to  earli- 
ness. It  was  fotmd  that  the  crop  harvested  from  the  selected  seed  gave 
seventy-two  per  cent  of  ripe  com,  while  that  from  the  unselected  seed 
gave  thirteen  per  cent  of  ripe  com.    This  difference  in  degree  of  ripeness 
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represents  a  gain  of  at  least  two  weeks  in  earliness  of  maturing.  As 
stated  before,  productivity  has  been  kept  in  mind  in  these  selection 
experiments,  so  that  the  earlier  strains  remain  fully  as  productive  as  the 
original  variety  for  New  York  conditions. 

A  matter  of  importance  in  connection  with  these  experiments  is,  whether 
the  new  strains  that  are  earlier  and  will  mature  seed  wUl  be  of  as  great 
value  for  silage  ptuposes  as  those  varieties  that  require  a  longer  season, 
thus  naturally  producing  larger  stalks  and  usually  not  such  a  high  per- 
centage of  grain.  In  order  to  obtain  some  data  along  this  line  an  experi- 
ment was  begun,  the  purpose  of  which  is  to  compare  one  of  these  early 
strains  with  some  of  the  common  commercial  varieties  that  are  grown 
for  silage.  This  experiment  was  begun  in  191 1  and  is  still  being  continued. 
It  is  important  to  know  whether  it  is  possible  to  obtain  a  variety  that  will 
be  a  good  producer  of  silage  as  well  as  of  grain.  Many  notes  have  been 
taken  on  the  parent  ears  in  order  to  learn  whether  there  are  any  visible 
seed-ear  characters  that  may  indicate  either  high  yield  or  earliness.  These 
experiments  have  not  as  yet  been  completed.  A  preliminary  paper  has 
been  published  on  this  subject,  but  additional  data  are  being  collected. 

A  distribution  of  seed  of  some  of  these  sorts  was  made  during  the  past 
year.  Usually  only  a  small  amount  of  seed  was  sent,  so  that  the  farmer 
could  compare  this  with  the  com  that  he  had  been  accustomed  to  growing. 

Experiments  in  breeding  potatoes 

The  potato-breeding  work  was  begun  in  1908.  It  was  designed 
primarily  for  a  scientific  study  of  variation  and  of  the  effect  of  selection 
within  pure-tuber  lines.  From  the  practical  standpoint  it  has  thrown 
Eght  on  some  of  the  methods  of  potato  selection. 

The  experiment  has  not  been  conducted  sufficiently  long  to  warrant 
the  publication  of  many  definite  conclusions.  However,  some  interesting 
and  suggestive  observations  have  been  made.  It  might  be  expected  that 
the  offspring  of  a  single  parental  tuber,  propagated  by  cuttings,  wotdd 
be  imiformly  true  to  the  parental  type.  This  seems  to  be  true  to  a  certain 
extent.  The  pure-tuber  lines  are  remarkably  imiform  in  regard  to  habit 
of  growth,  vigor,  jdelding  capacity,  shape  and  color  of  tuber,  and  the  like. 
Bui  within  these  pure-tuber  lines  there  have  occurred  variations  pro- 
nounced and  definite  enough  to  constitute  a  new  line,  and  the  progeny 
of  this  line  has  continued  true  to  the  new  type.  In  this  manner  there 
have  been  isolated  a  good-yielding,  a  medium-jaelding,  and  a  poor-yield- 
ing strain,  all  from  the  same  piu^  line.  This  kind  of  variation  has  occurred 
also  with  respect  to  the  shape,  size,  and  color  of  the  tuber. 

In  this  experiment  a  comparison  has  been  made  between  the  apical 
(seed)  and  the  basal  (stem)  end  of  each  tuber.    It  has  been  observed  that 
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a  large  ntimber  of  the  low-5deldmg,  or  degenerate,  strains  have  sprung 
from  the  basal  cuts.  To  draw  a  practical  comparison,  in  a  test  of  twenty- 
two  varieties  for  two  years  the  apical  hills  gave  an  average  yield  of  one 
hundred  and  eighty  bushels  per  acre,  while  the  basal  hills  yielded  one 
htmdred  and  fifty-one  bushels. 

More  data  will  be  accumulated  in  regard  to  the  amount  and  nattire 
of  the  bud  variation  within  these  pure  lines.  The  results  given  here  can 
be  considered  only  as  preliminary.  Several  years  more  must  elapse 
before  any  definite  information  Will  be  available  concerning  the  accumu- 
lative effect  of  selection  within  a  ptire  line. 

From  the  practical  standpoint  the  experiment  has  justified  the  method 
of  hill  selection  for  the  improvement  of  potatoes.  Although  these  off- 
shoots of  varying  types  occur,  probably  they  are  infrequent  enough  to  be 
of  little  consequence  to  the  grower  who  is  practicing  hill  selection.  As 
an  example  of  this,  the  four-years  average  of  selections  from  three  low- 
yielding  strains  is  93.8  bushels  per  acre  as  against  231.3  bushels  per  acre 
for  the  selections  from  three  high-5delding  strains.  Several  promising 
strains  have  been  isolated;  these  will  be  tested  in  comparison  with  com- 
mercial varieties,  and  if  they  prove  superior  they  will  be  distributed  for 
general  use. 

Experiments  in  breeding  cereals 

The  investigations  in  cereals  conducted  by  this  Department  comprise 
experiments  with  oats,  wheat,  barley,  and  buckwheat.  The  experiments 
with  oats  and  wheat  are  conducted  in  cooperation  with  the  Bureau  of 
Plant  Industry  of  the  United  States  Department  of  Agriculture. 

Oat-breeding  experiments, —  These  experiments  are  divided  into  two 
or  three  different  lines.  One  of  these  lines,  the  testing  of  a  large  number 
of  hybrids  and  selections  that  have  been  made  from  some  of  the  com- 
mercial varieties  of  oats,  has  been  continued  during  the  past  year  much 
the  same  as  reported  in  previous  years.  These  hybrids  and  selections 
have  been  carefully  compared  with  the  commoner  commercial  varieties 
in  order  to  determine  their  value.  The  tests  have  been  conducted  by 
what  is  known  as  the  rod-row  system,  and  each  strain,  or  variety,  has 
been  repeated  ten  times.  The  average  of  the  ten  test  rows,  therefore, 
represents  the  jrield  for  each  variety.  The  yield  of  straw,  as  well  as  that  of 
grain,  has  been  taken  for  the  past  three  years.  Other  notes,  such  as  height 
of  straw,  date  of  ripening,  and  the  like,  have  also  been  taken.  Some  of 
the  new  strains  have  given  promise  of  being  of  value  for  further  testing 
and  distribution,  and  a  nimiber  of  them  have  been  sent  out  to  different 
parts  of  the  State  for  this  purpose.  Two  in  particular,  an  early  and  a 
late  selection,  have  been  distributed  in  about  fifty  different  places.    The 
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results  from  these  test  plats  have  not  all  been  assembled,  so  that  no  report 
can  be  made  on  them  at  this  time. 

A  nimiber  of  new  varieties  of  oats  from  Canada,  France,  and  Sweden 
have  been  brought  into  the  test  during  the  past  year. 

During  the  summer  of  1912  a  large  nimiber  of  new  individuals  were 
selected  from  some  of  the  best  commercial  varieties.  These  were  grown 
for  the  first  time  in  1913.  A  ntunber  of  them  show  promise  of  being 
good  sorts,  both  as  to  yield  of  grain  and  stiffness  of  straw;  these  are  being 
saved  for  planting  in  larger  plats  another  year.  Each  of  these  individual 
selections  has  been  carefully  compared  with  the  variety  from  which  it 
was  selected,  and  those  that  gave  better  results  than  the  varieties  will 
be  used  for  future  work. 

For  the  past  two  or  three  years  many  new  hybrids  have  been  made  — 
first,  in  order  to  obtain  some  better-yielding  types  suitable  for  New  York 
conditions;  and  second,  in  order  to  study  the  inheritance  of  the  different 
characters  of  oats,  so  that  more  light  may  be  thrown  on  the  proper  methods 
of  breeding  this  crop. 

Wheat-breeding  experiments, —  These  experiments  have  been  continued 
in  much  the  same  manner  as  has  been  outlined  in  previous  reports,  with 
the  exception  that  many  of  the  selections  have  been  discontinued  and  only 
thoge  that  have  shown  superior  worth  are  being  tested  in  comparison 
with  a  large  number  of  commercial  varieties.  This  testing  has  been 
conducted  in  the  same  manner  as  with  the  oats;  that  is,  the  rod-row 
system  is  being  used  and  each  strain,  or  variety,  is  being  repeated  ten 
times.  Notes  are  being  taken  on  such  points  as  height,  date  of  ripening, 
yield  of  grain,  and  yield  of  straw.  The  work  has  progressed  far  enough 
to  show  that  there  are  a  number  of  selections  that  give  much  better  yields 
than  do  the  varieties  from  which  they  were  selected. 

As  mentioned  in  previous  reports,  several  hundred  new  head  selections 
were  made  from  some  of  the  better  commercial  varieties,  and  these  were 
sown  in  the  fall  of  1912  and  harvested  in  1913.  A  ntmiber  of  them 
showed  promise;  these  have  been  saved  and  planted  in  larger  plats  this 
year,  in  order  to  give  them  a  further  test.  In  each  case  the  selection 
is  compared  directly  with  the  commercial  variety  from  which  it  was 
selected.  During  19 13  a  number  of  head  selections  were  again  made, 
and  these  have  been  sown  in  head-rows  this  fall. 

Selections  are  being  conducted  also  in  connection  with  the  Shredded 
Wheat  Company,  in  order  to  obtain  some  high-yielding  strains  of  wheat 
suitable  for  the  use  of  that  company.  This  work  is  being  done  in  the 
western  part  of  the  State,  since  that  section  is  well  adapted  to  the  growing 
of  the  particular  kind  of  wheat  desired  by  the  company. 
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A  number  of  samples  of  wheat  have  been  sent  out  this  year  to  farmers 
for  further  testing.  These  are  cooperative  tests,  and  the  farmer  grows 
a  plat  of  his  own  wheat  in  comparison  with  these  new  sorts. 

Some  of  the  better  strains  of  wheat  that  have  been  tmder  test  for  the 
last  several  years  are  now  being  grown  on  increase  plats,  with  the  hope 
of  obtaining  some  seed  for  distribution  and  also  in  order  to  give  these 
strains  further  test  imder  field  conditions. 

In  the  past  year  a  large  number  of  wheat  hybrids  have  been  made, 
with  the  hope  of  obtaining  some  strains  of  good  commercial  value  com- 
bining both  quality  and  winter  resistance. 

Barley-breeding  experiments. —  During  the  stunmer  of  1913  a  large  num- 
ber of  commercial  varieties  of  barley  were  grown,  in  order  to  obtain 
results  showing  the  more  promising  sorts  for  New  York  conditions.  When 
these  results  are  obtained,  breeding  work  will  be  begun  with  the  most 
promising  sorts  in  an  attempt  to  obtain  some  better  strains  of  barley 
for  commercial  growing. 

DtickwheaUhreeding  experiments, —  A  number  of  varieties  of  buckwheat 
were  grown  in  1913  for  the  first,  time,  in  order  to  obtain  evidence  as  to 
which  types  are  better  adapted  to  New  York  conditions  and  also  to 
obtain  material  for  making  selections  looking  to  the  improvement  of  the 
yield  and  the  quality  of  the  crop.  A  number  of  plants  have  been  selected. 
These  will  be  grown,  and  the  better  ones  will  be  increased  in  order  to 
start  a  further  test  in  comparison  with  the  commercial  varieties  from 
which  they  were  selected. 

Forage-crop  investigations 

Little  work  has  been  done  in  forage-crop  investigations,  with  the  excep- 
tion of  some  brome-grass  selections.  A  number  of  strains  of  brome  grass 
have  been  isolated  and  these  are  being  studied  with  reference  to  their 
possible  value  as  forage  plants. 

It  was  planned  to  'begin  clover  investigations  this  year,  but,  owing  to 
the  change  in  the  staff  of  the  Department,  it  was  not  possible  to  take  up 
this  work.  Seed  has  been  collected  from  a  number  of  places  and  it  is 
hoped  to  get  the  investigations  under  way  very  soon. 

Adams  Act  research 

The  work  on  projects  under  the  Adams  Act  has  been  continued  in 
accordance  with  the  plans  outlined  in  previous  reports,  with  the  exception 
of  the  investigation  on  peppers;  this  will  be  completed  by  Doctor  Webber 
in  California. 

Studies  on  variation. —  At  the  beginning  of  the  work  of  this  Department, 
variations  and  their  causes  seemed  to  be  very  important.     With  this  in 
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mind  a  ntimber  of  problems  were  begun  on  the  subject.  These  problems 
may  be  divided  into  two  general  heads  —  the  measurement  of  variations 
as  they  occur  naturally,  and  the  effect  of  food  supply,  temperatiu-e,  and 
the  like,  on  the  production  of  variations. 

General  variation  studies  have  been  under  way  for  some  time  on  wheat, 
oats,  barley,  and  asters.  In  addition  many  data  have  been  collected  on 
the  common  field  daisy.  Here  the  amount  of  variation  occurring  nor- 
mally in  different  habitats  has  been  carefully  studied,  as  well  as  the  change 
of  type  throughout  the  blooming  season  of  the  plant. 

The  studies  on  the  effect  of  food  supply  have  been  under  way  since 
1908.  One  bulletin  and  a  short  paper  have  been  published,  and  Doctor 
Myers,  who  is  continuing  the  work,  will  shortly  have  material  for 
publication. 

Studies  on  the  laws  of  inheritance, —  The  studies  with  hybrids  have  been 
continued  and  many  data  have  been  obtained  from  experiments  with 
tomatoes,  phlox,  peppers,  and  the  like.  In  the  work  with  tomatoes  and 
peppers,  the  inheritance  of  quantitative  characters,  as  well  as  of  quali- 
tative characters,  has  been  considered. 

Mendelian  studies  are  being  made  also  with  oats,  wheat,  radishes, 
morning-glories,  and  other  plants,  and  data  of  considerable  interest  are 
being  accumulated. 

Studies  on  mutations  and  their  use  in  breeding, —  The  investigations  on 
mutations  are  being  continued  according  to  plans  outlined  in  previous 
reports.  The  timothy  experiments  furnish  a  large  ntmiber  of  these  types 
and  much  valuable  material  is  being  collected. 

The  field  daisy  is  another  plant  that  furnishes  many  different  types  of 
mutations.  Several  of  these  are  being  grown,  and  careful  notes  are  taken 
as  to  frequency  of  occurrence  and  probable  causes  of  such  new  types. 

Studies  on  the  cumulative  action  0}  selection, —  These  studies  are  being 
continued  with  wheat,  oats,  phlox,  and  beans.  Many  data  are  being 
collected  which  will  add  considerable  evidence  on  the  much-discussed 
question  of  the  possible  effect  of  cumulative  selection. 

Correlation  of  characters. —  The  studies  on  this  subject  which  have  been 
outlined  in  previous  reports  are  being  continued.  Data  are  being  collected 
on  wheat,  oats,  com,  and  other  plants.  In  most  cases  careful  attention 
is  being  given  to  the  visible  characters  that  may  be  correlated  with  yield, 
with  the  hope  of  being  able  to  use  such  characters  in  further  selections 
as  indicators  of  high  production.  A  number  of  papers  have  been  pub- 
lished on  this  subject  and  others  are  in  preparation. 

A  cooperative  experiment  in  oats  has  been  begun  with  the  Montana 
Agricultural  Experiment  Station,  with  the  purpose  of  studying  the  effect 
of  change  of  environment  on  correlr.tion.    A  similar  cooperative  experi- 
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ment  with  wheat  has  been  begun  with  the  Missouri  Agricultural  Experi- 
ment Station.  It  is  hoped  to  continue  these  experiments  for  a  number  of 
years,  and  then  bring  together  all  the  results  in  order  to  determine  what 
changes  have  occurred. 

Sttidies  on  bud  variaiion, —  These  studies,  which  have  been  outlined  in 
previous  reports,  are  being  continued  and  will  be  extended.  Many  valu- 
able data  on  this  subject  are  being  collected,  showing  the  possible  worth 
of  such  variations  in  the  practical  breeding  of  crops  such  as  the  potato. 
Data  are  also  being  collected  showing  the  possible  occurrence  of  bud 
variation  in  timothy.  These  two  lines  of  investigation  are  very  important, 
since  the  general  question  of  bud  variation  and  its  possible  use  in  breeding 
is  much  discussed  at  present. 

EXTENSION 

During  the  past  year  the  extension  work  of  this  Department  has  been 
conducted  along  the  lines  noted  in  the  report  for  19 12  —  first,  cooperative 
and  demonstrative  work  with  individual  farmers;  second,  distribution  of 
new  varieties  of  timothy,  oats,  wheat,  com,  and  the  like;  and  third,  edu- 
cational activities,  such  as  exhibits,  lectures,  instruction  in  extension 
schools  and  in  the  Winter  Course,  and  special  field  meetings. 

Cooperative  and  demonstration  plats 

The  cooperative  and  demonstrative  work  has  been  increased  consider- 
ably diuing  the  past  year,  especially  in  connection  with  wheat  and  oats. 
In  connection  with  this  work  many  new  varieties  are  obtained.  Some  of 
these  in  the  tests  at  Ithaca  yield  much  better  than  do  the  commercial 
varieties.  The  methods  and  results  of  this  part  of  the  work  are  discussed 
tmder  the  heading  of  cereal-breeding.  Although  these  new  varieties  may 
do  well  tmder  the  conditions  at  Ithaca,  they  may  or  may  not  be  successful 
in  other  localities.  The  work  of  the  past  year  has  shown  the  importance 
and  value  of  cooperative  work  in  the  testing  of  these  new  strains.  The 
Department  now  has  under  way  twenty-three  cooperative  experiments 
with  oats  and  sixteen  with  wheat. 

The  cooperative  work  with  timothy  has  also  been  increased.  In  the 
results  for  the  four  years  with  the  broadcast  tests  of  timothy,  both  at 
Ithaca  and  elsewhere,  the  superiority  of  certain  strains  has  been  demon- 
strated. Cooperative  work  is  now  tmder  way  for  the  ptirpose  of  increasing 
the  seed  of  these  superior  strains  and  of  testing  further  some  of  the  newer 
ones.    There  are  now  fotirteen  cooperative  timothy  plats. 

The  timothy  contest  which  was  organized  in  Jefferson  coimty  last  year 
is  promising  good  results.  Some  thirty  farmers  are  now  growing  individual 
plants  of  Cornell  Standard;  in  one  case  nearly  three  thousand  plants  were 
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transplanted  to  the  field.     It  is  expected  that  there  will  be  good  competi- 
tion at  the  contest  next  fall. 

The  number  of  cooperative  plats  of  com  and  potatoes  has  not  been 
increased,  there  remaining  the  same  nimiber  as  last  year  —  ten  of  the 
former  and  nine  of  the  latter.  The  work  with  these  plats  is  progressing 
satisfactorily  and  is  giving  good  results  with  both  crops;  it  has  been  impos- 
sible, however,  with  the  present  equipment,  to  increase  the  cooperative 
work  with  them.  During  the  past  year  members  of  the  Department 
made  forty-six  personal  visits  to  cooperative  plats. 

Distribution  of  seed 
The  distribution  of  seed  has  increased  considerably  since  the  report 
for  19 1 2  was  made.  This  work  has  not  been  conducted  long  enough 
to  show  what  the  ultimate  success  will  be.  It  is  not  the  function  of  this 
Department  to  produce  seed  in  commercial  quantities;  consequently,  it 
must  depend  on  the  cooperation  of  individual  farmers.  The  seed  has 
been  distributed  in  small  quantities  to  a  large  number  of  individuals, 
rather  than  in  large  quantities  to  a  few  individuals.  Not  all  of  those 
who  receive  seed  are  successful  with  it,  but  a  sufficient  number  will  evi- 
dently carry  the  work  on  to  completion  so  that  the  seed  will  soon  be  avail- 
able in  commercial  quantities.  During  the  past  year  the  Department 
has  distributed  twenty-one  samples  of  oats  to  growers  in  foiuteen  counties, 
ninety-seven  samples  of  com  in  forty-one  coimties,  eight  samples  of  wheat 
in  five  coimties,  and  forty-five  samples  of  timothy  in  twenty-two  cotmties. 
In  addition  to  this,  a  considerable  quantity  of  seed  was  sent  outside  the 
State  to  agricultural  colleges,  experiment  stations,  farm  biu-eaus,  and 
the  like. 

Educational  work 

During  the  past  year  the  Department  has  endeavored  to  render  as 
much  assistance  as  possible  along  educational  lines.  In  this  connection 
eighteen  lectures  and  field  meetings  were  conducted;  also,  fifteen  days 
were  devoted  to  instmctional  work  in  extension  schools  at  Poland,  Water- 
town,  and  Lincolndale. 

Considerable  material  has  been  added  to  the  plant-breeding  exhibit. 
So  far  as  possible,  this  has  been  arranged  in  permanent  form.  The  exhibit 
was  installed  in  the  plant-breeding  seed  house  at  the  College  during 
Farmers'  Week.  It  was  shown  at  the  State  Fair  and  a  part  of  it  was 
sent  to  the  cotmty  fair  at  Cazenovia.  During  Farmers*  Week  and  at 
the  State  Fair,  members  of  the  Department  were  continually  in  attendance 
to  demonstrate  the  exhibit.  The  experimental  work  of  the  College  was 
represented  by  this  exhibit  at  the  Fifth  National  Com  Exposition,  held 
in  Coliunbia,  South  Carolina. 
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It  is  planned  to  add  material  to  this  exhibit  year  by  year;  and  it  is 
hoped  that  the  exhibit,  which  is  now  kept  in  packing  cases,  may  be 
hotised  in  permanent  quarters. 

RECOMMENDATIONS 

For  the  past  three  or  four  seasons  the  plants  growing  in  the  plant- 
breeding  garden  have  suffered,  and  many  results  have  been  seriously 
affected,  through  the  lack  of  proper  facilities  for  obtaining  water.  Steps 
should  be  taken  for  fiunishing  an  irrigating  S5rstem  of  some  kind  for  this 
garden. 

The  Department  is  very  anxious  to  begin  experiments  in  the  breeding 
of  legimiinous  crops,  and  it  is  hoped  that  ftmds  for  such  work  will  be 
available  in  the  near  future. 

H.  H.  LOVE, 
Professor  of  Plant-breeding  Investigations, 

C.  H.  MYERS, 
Assistant  Professor  of  Plant-breeding, 
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TEACHING 

During  the  past  year  the  staff  of  the  Department  consisted  of  two 
assistant  professors  and  four  assistants,  all  of  whom  were  actively  engaged 
in  teaching.  The  courses  oflEered  and  the  enrollment  are  given  in  the 
following  table: 


Course 


Subject 


Term 


Niunber 

of  hours 

credit 


Numb  ST 

of  students 

registered 


Total 
houis 
credit 


7 
8 

9 

10 
12 

i6 


General  Plant  Physiology 

Advanced  Plant  Physiology 

The  Physiology  of  Fermentation. 

Physiology  of  bacteria 

Cytology 

General  Seminary 


2 

I  and  2 

I 

2 

I  and  2 
I  and  2 


Postgraduate 

Major,  Doctor  of  Philosophy 

Minor,  Doctor  of  Philosophy 

Major,  Master  of  Arts 

Major,  Master  of  Science  in  Agriculture. 


90 

20 

9 
II 

7 

20 


157 


6 

20 

I 
I 


28 


360 

160 

27 

33 
42 
40 


662 


The  approximate  number  of  credit  hours  of  instruction  devoted  by 
these  students  to  research  would  total  150.  In  addition  to  the  above, 
three  courses  were  given  during  the  summer  session  with  a  total  of  100 
credit  hours  of  instruction,  making  a  grand  total  of  912  credit  hours. 


INVESTIGATION 

The  past  year  has  been  productive  both  with  respect  to  the  progress 
of  investigations  and  with  respect  to  the  investigations  published.  The 
problems  now  imder  investigation  or  completed  during  the  present  year, 
and  soon  to  be  available  for  publication,  are  as  follows;  those  starred  are 
practically  completed: 

*M.  J.  Prucha.  Physiological  character  and  nature  of  the  organism 
causing  nodules  on  Canada  field  pea. 

*M.  J.  Prucha.    Vitality  of  the  field-pea  organism. 

[xlixl 
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♦M.  J.  Prucha.  Factors  influencing  the  virulence  of  the  field-pea 
organism,  that  is,  capacity  of  the  organism  to  cause  infection. 

*M.  J.  Prucha  and  J.  K.  Wilson.  Studies  in  cross-inoculation  with 
legimie  bacteria. 

J.  K.  Wilson.  Physiological  studies  of  the  organism  producing  nodules 
on  soy  bean. 

*J.  K.  Wilson.    A  method  for  seed  sterilization. 

*W.  J.  Robbins.     Chemotaxy  and  phototax>  in  fucus. 

W.  J.  Robbins.  Influence  of  certain  inorganic  reagents  on  enzyme 
production  in  molds  and  green  plants. 

*Christine  F.  Chapman  and  W.  C.  Etheridge.  Influence  of  certain 
organic  substances  at  various  concentrations  on  secretion  of  diastase  by 
certain  ftmgi. 

*L.  Knudson  and  G.  R.  Hill,  jr.  The  inception,  season,  and  duration 
of  cambial  activity  in  peach,  grape,  and  apple. 

L.  Knudson.     Regulatory  production  of  enz5anes. 

L.  Knudson.  The  absorption  and  assimilation  of  organic  compotmds 
by  green  plants. 

L.  Knudson  and  W.  J.  Robbins.     The  rest  period  in  plants. 

L.  Knudson  and  J.  K.  Wilson.     Studies  in  legume  inoculation. 

H.  M.  Benedict.     Senility  in  plants. 

R.  S.  Nanz.     Growth  and  metabolism  in  the  apple  tree. 

*B.  M.  Duggar  and  M.  J.  Prucha.  Sterilized  soil  as  a  meditmi  for 
the  distribution  of  the  legiune  bacteria  in  pure  cultiu-es. 

The  following  papers  have  been  published  during  the  year: 

G.  R.  Hill,  jr.  Respiration  of  fruits  and  growing  plant  tissues  in  certain 
gases,  with  reference  to  ventilation  and  fruit  storage.  Cornell  Univ. 
Agr.  Exp.  Sta.    Bui.  330:373-408. 

M.  M.  McCool.  The  action  of  certain  nutrient  and  non-nutrient  bases 
on  plant  growth.    Cornell  Univ.  Agr.  Exp.  Sta.    Memoir  No.  2: 113-216. 

L.  Knudson.  Tannic  acid  fermentation  I.  Joum.  biol.  chem.  14: 159- 
184. 

L.  Knudson.  Tannic  acid  fermentation  II.  Effect  of  nutrition  on  the 
production  of  the  enzyme  tannase.    Joum.  biol.  chem.  14: 184-202. 

L.  Knudson.  Observations  on  the  inception,  season,  and  duration  of 
cambiimi  development  in  the  American  larch  [Larix  larcicinia  (Du  Roi) 
Koch].    Torrey  Botanical  Club.     Bui.  40:271-293. 

L.  Knudson.    Warming  and  imbedding  stand.    Bot.  gaz.     (In  press.)^ 

EXTENSION 

The  Department  has  been  more  active  in  extension  work  than  ever 
before.    A  large  nimiber  of  letters  of  inquiry  respecting  many»  phases  of 
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plant  life  have  been  received  and  answered.  Especially  numerous  have 
been  the  letters  concerning  legume  inoculation  and  the  growing  of  mush- 
rooms. 

An  exhibit  was  made  at  the  State  Pair,  with  an  attendant  in  charge. 
During  Farmers'  Week  an  exhibit  was  shown  in  the  laboratory,  with 
a  demonstration,  and  lectures  were  given. 

The  bulk  of  the  extension  work  has  been  devoted  to  the  distribution 
of  pure  cultures  of  legtmie  bacteria,  the  Department  having  devised 
a  very  successful  method  of  distributing  the  organisms  in  sterilized  soil. 
The  results  obtained  have  been  most  gratif5ring,  there  being  known  not 
a  single  case  in  which  inoculation  was  not  secured.  During  the  past 
season  two  thousand  cultures  were  distributed  to  about  seven  hundred 
fanners  throughout  the  State.  A  charge  of  twenty-five  cents  each  was 
made  for  most  of  the  cultures.  In  addition  to  the  shipment  of  these 
cultures,  two  members  of  the  staff  spent  a  week  in  the  field  in  cooperative 
work  and  in  personal  work  with  farmers.  It  is  expected  that  a  much 
larger  distribution  of  cultures  will  be  made  next  year. 

For  extension  purposes  the  Department  issued  the  following  circular: 

M.  J.  Prucha.  Legume  inoculation.  Cornell  Univ.  Agr.  Exp.  Sta. 
Circ.  No.  15:25-32. 

RECOMMENDATIONS 

As  emphasized  in  its  previous  report,  the  Department  is  greatly  in 
need  of  more  greenhouse  space.  There  should  be  one  greenhouse  reserved 
entirely  for  experimental  purposes  and  a  second  for  teaching  work.  It  is 
hoped  that  a  new  house  equivalent  in  size  to  the  present  one  may  soon 
be  available  for  work  in  plant  physiology. 

In  addition  to  more  greenhouse  space,  increased  laboratory  space  is 
necessary  for  proper  accommodation  of  the  students  who  desire  work 
in  plant  physiology.  During  the  second  semester,  especially,  the  instruc- 
tion laboratory  is  congested.  It  has  been  the  desire  of  the  Department 
to  keep  the  laboratory  open  to  students  at  all  hours  of  the  day,  so  that 
they  may  drop  in  at  any  time  and  take  observations  and  notes  on  their 
experiments  or  devote  additional  time  to  their  work.  The  Department 
has  maintained  this  liberal  use  of  the  laboratory  and  has  fotmd  it  very 
satisfactory  in  every  way.  The  large  ntmiber  of  graduate  and  imder- 
graduate  students  now  enrolled  for  work  in  the  Department  makes  it 
almost  impossible  to  permit  of  this  freedom  in  the  use  of  the  laboratory. 
Furthermore,  at  present  a  single  locker  must  be  assigned  to  two  students, 
whereas  it  is  large  enough  for  only  one.  The  present  floor  space  for 
instruction  should  be  doubled. 

LEWIS  KNUDSON, 
Assistant  Professor  of  Plant  Physiology. 
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TEACHING 

During  the  year  1912-1913  instruction  has  been  offered  in  twelve 
courses,  including  two  courses  in  the  regular  Summer  School  and  one  in 
the  Winter  Coiu-se.  The  teaching  staif  has  consisted  of  eight  members, 
an  increase  of  two  over  the  previous  year.  The  total  ntunber  of  students 
registered  for  the  various  courses  was  302,  of  whom  1 5  were  in  the  Summer 
School  courses  and  62  in  the  Winter  Cotu-se.  This  leaves  225  as  the 
registration  in  the  regular  imdergraduate  and  graduate  courses.  Last 
year  40  students  were  refused  admission  to  the  beginning  course  because 
of  limited  facilities;  this  year  35  students  were  turned  away  for  the  same 
reason,  although  it  will  be  noticed  that  loi  more  students  were  accommo^ 
dated  this  year  than  last  in  the  regular  courses.  This  was  made  possible 
by  the  addition  of  two  instructors  and  one  small  laboratory. 

There  are  21  graduate  students  registered  for  a  major  in  the  Depart- 
ment and  13  for  a  minor,  for  the  degree  of  Doctor  of  Philosophy.  There 
were  registered  i  student  with  a  major  for  the  master's  degree,  and  2 
with  a  minor.  The  increase  in  the  ntimber  of  graduate  students,  7 
over  last  year,  is  due  in  part  to  the  establishment  of  industrial  fellowships 
by  groups  of  growers  and  in  part  to  the  increasing  demand  in  institutions 
and  experiment  stations  for  highly  specialized  and  well^rained  technolo- 
gists for  pathological  research. 

INVESTIGATION 

Satisfactory  progress  has  been  made  during  the  year  in  the  various 
lines  of  experimentation  and  investigation.  As  usual,  many  of  the  investi- 
gations have  been  accompanied  by  field  experiments  conducted  from 
field  laboratories,  sixteen  of  which,  located  in  fourteen  different  cotmties, 
have  been  maintained  during  the  past  sxmmier.  Much  of  the  experimental 
work  has  been  made  possible  through  the  financial  cooperation  of  indi- 
viduals, groups  of  growers,  and  other  agricultural  agencies.  The  various 
lines  of  work  are  mentioned  in  the  order  in  which  they  have  been 
inaugurated  in  the  Department. 

Grape-disease  investigation, —  As  in  all  previous  years  since*  1907,  spray- 
ing experiments  for  the  control  of  black  rot  of  grapes  was  continued. 
The  disease  was  no  more  serious  this  year  than  last,  and  the  experiments 
for  its  control  were  without  results. 

The  study  of  downy  mildew  of  grapes,  begun  last  year  by  C.  T.  Gregory, 
an  instructor  in  the  Department,  has  been  continued  and  some  very  satis- 
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factory  results  have  be«i  obtained.  Mr.  Gregory  has  made  important 
discoveries  in  regard  to  early  spring  infection  by  this  fimgus,  and  the 
results  of  his  observations  have  been  published  (Phytopathology  2:235- 
249.    1912). 

Studies  of  the  dead-arm  disease  of  grapes  have  been  continued.  This 
work  is  now  ready  for  publication  except  for  recording  data  on  a  series 
of  inoculation  experiments. 

Bean-disease  investigation. —  Work  on  the  susceptibility  of  varieties  of 
beans  to  various  strains  of  the  fungus  causing  anthracnose  has  been 
continued  as  time  has  permitted.  The  investigation  is  nearly  completed 
and  a  technical  bulletin  setting  forth  the  results  will  soon  be  published. 

Spraying  experiments  for  the  control  of  anthracnose  and  other  diseases 
of  the  bean  were  continued  this  year.  Because  of  dry  weather  all  summer, 
very  little  disease  was  present  in  most  of  the  plats.  The  experiments 
indicate  that  thorough  spraying  with  bordeaux  will  reduce  the  amount 
of,  but  will  not  entirely  prevent,  anthracnose  where  diseased  seed  is 
planted. 

Seed  selected  from  clean  pods  was  sent  to  growers  in  various  localities 
of  the  State,  to  be  grown  by  them  apart  from  their  main  fields.  All  reports 
from  these  growers  have  shown  that  plants  from  such  seed  have  been 
entirely  free  from  disease  throughout  the  season.  The  dry  weather  of 
the  season  has  minimized  the  value  of  such  trials,  since  plants  from  seed 
not  selected  were  in  the  main  free  from  anthracnose. 

Nursery^isease  investigations, —  The  nursery-disease  work  has  been 
continued  much  as  in  former  years.  Studies  on  the  fire-blight  disease 
in  nursery  stock  have  been  completed  and  published  as  Bulletin  329  of 
the  Cornell  University  Agricultural  Experiment  Station.  The  methods 
detailed  in  this  bulletin  have  been  employed  successfully  during  the  past 
season  in  two  large  nurseries.  More  attention  has  been  devoted  to 
investigations  of  some  of  the  fungous  diseases  of  nursery  stock,  particularly 
the  shot-hole  disease  of  plums  and  cherries  and  the  leaf  spot  of  quinces 
and  pears.  These  investigations  have  been  performed  with  the  idea  of 
determining  more  nearly  exactly  the  optimimi  conditions  for  primary 
infection  and  of  correlating  infection  periods  with  atmospheric  influences, 
in  order  to  develop  a  more  rational  basis  for  the  satisfactory  control  of 
these  troubles. 

Ginseng  diseases, —  This  work  has  gone  forward  in  cooperation  with  the 
State  Ginseng  Growers'  Association  and  with  the  Department  of  Cotton 
and  Truck  Disease  and  Sugar-plant  Investigations  of  the  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture.  The  various  root 
rot  diseases  have  received  particular  attention  during  the  year,  and  J. 
Rosenbaum,  the  special  assistant  in  charge  of  this  work,  has  materially 
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advanced  his  investigations.    Several  articles  dealing  with  various  phases 
of  the  work  have  been  published  in  the  trade  papers. 

The  use  of  sulfur  as  a  fungicide, —  The  experiments  on  the  use  of  sulfur 
in  the  control  of  potato  scab,  as  outUned  in  the  last  annual  report,  have 
been  continued.  It  is  believed  that  the  work  of  the  present  year  will 
bring  this  phase  of  the  investigation  to  an  end.  Should  the  results  of  the 
experiments  now  in  progress  confirm  those  obtained  last  year,  the  matter 
will  be  presented  for  publication  as  an  experiment  station  bulletin. 

The  investigation  of  the  fimgous  flora  of  the  potato  has  developed  to  a 
much  greater  extent  than  was  anticipated.  It  has  therefore  become 
necessary  to  confine  this  investigation  almost  exclusively  to  the  species 
of  Fusarium  infesting  potato  tubers.  A  surprisingly  large  number  have 
been  isolated  and  studied  in  pure  culture.  Their  capabilities  of  producing 
a  rot  of  tubers  in  storage  have  been  determined  and  their  ability  to  attack 
living  plants  is  now  under  investigation.  With  the  conclusion  of  the 
pathological  features  of  this  investigation,  the  work  will  be  ready  for 
publication. 

The  work  in  control  of  hop  mildew  has  been  continued  as  formerly 
Very  satisfactory  results  have  been  obtained  from  dusting.     The  methods 
employed  have  been  fidly  detailed  in  Bulletin  328  of  this  station,  published 
in  March. 

The  use  of  a  dry  ftmgicide  for  controlling  various  apple  diseases  has 
again  received  considerable  attention.  During  the  past  season  extensive 
experiments  have  been  performed  in  order  to  determine  the  relative  value 
of  this  method  of  applying  the  fimgicide.  It  again  appears  that  an  insecti- 
cide applied  in  the  dry  state  has  been  effective  in  controlling  the  more 
common  chewing  insects.  Present  indications  are  that  a  satisfactory 
control  of  apple  scab  has  been  secured.  If  actual  cotmts  and  percentages 
soon  to  be  taken  bear  out  these  observations,  the  data  are  of  the  greatest 
practical  importance  and  should  be  prepared  for  immediate  publication. 

Experiments  for  the  control  of  onion  smut  have  been  continued, 
including  cooperative  experiments  with  growers  in  the  vicinity  of  Canas- 
tota.  Thirty-five  acres  of  onions  have  been  tmder  experimentation. 
Unfortimately,  drought,  wind,  and  frost  have  reduced  this  area  to  about 
ten  acres.  The  sulfur-lime  treatment  as  used  last  year  has  again  given  a 
marked  increase  in  yield.  Comparison  of  the  sulfur-lime  treatment  with 
the  formaldehyde  treatment  was  nullified  by  high  wind. 

Attempts  to  control  the  late-blight  disease  of  celery  by  means  of  a  dry 
fimgicide  was  delayed  because  of  the  late  appearance  of  the  disease,  and 
was  then  cut  short  by  early  frost,  so  that  no  data  have  been  obtained. 

Forest-tree  diseases. —  The  work  on  the  chestnut-bark  disease  has  been 
continued  along  much  the  same  lines  as  formerly.    A  continued  spread 
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of  the  disease  leaves  only  a  very  small  amount  of  our  chestnut  area  unaf- 
fected. With  the  continued  spread  of  the  disease,  the  desirability  of 
utilizing  affected  trees,  and  especially  of  reforesting  with  other  more 
desirable  species  in  the  chestnut  area,  becomes  increasingly  apparent. 

Apple-tree-canker  investigations. —  With  the  termination  of  the  Byron 
fellowship,  L.  R.  Hesler  has  devoted  his  attention  entirely  to  a  study  of 
the  apple-tree  canker  caused  by  Sphaeropsis  malorum.  Some  important 
observations  in  connection  with  the  ftmgus  catising  this  disease  have  been 
made.  Surgical  methods  and  wotmd  dressings  have  received  further 
attention,  and  records  have  been  taken  of  treatments  previously  made. 

Fungicide  investigations. —  Extensive  orchard  experiments  with  a  ntunber 
of  fungicides  were  inaugtu'ated  again  this  year.  Unfortimately  for  the 
experiments,  the  amount  of  disease  in  the  orchard  selected  for  the  work 
this  year  was  not  materially  greater  than  in  the  one  used  last  year,  so  that 
satisfactory  progress  has  been  prevented  on  this  phase  of  the  work.  The 
laboratory  features  of  the  investigation  are  nearing  completion. 

Gladiolus-disease  investigation. —  This  work  has  been  performed  by 
L.  M.  Massey,  an  assistant  in  the  Department.  The  extensive  experi- 
ments mentioned  in  the  last  report  were  without  result,  so  that  new  lines 
of  attack  have  been  tried  diuing  the  past  year.  Preliminary  experiments 
seem  to  indicate  that  the  organism  causing  the  most  serious  disease  may 
be  killed  at  a  temperature  somewhat  below  the  death  point  of  the  gladi- 
olus corms.  Extensive  experiments  with  this  fact  in  mind  have  been 
undertaken,  as  well  as  numerous  other  treatments  of  corms  at  digging 
time. 

Fungicidal  value  of  sulfate  of  iron. —  Experiments  on  the  control  of  rasp- 
berry anthracnose  have  been  continued  as  for  last  year,  but  the  results 
have  not  proved  very  satisfactory  for  sulfate  of  iron  or  for  any  other 
fungicide  tried. 

The  use  of  sulfate  of  iron  as  a  neutralizer  of  the  caustic  properties  of 
lime-sulfiu*  solution  has  been  tried  on  an  extensive  scale  in  five  different 
orchards.  The  points  to  be  determined  are:  (i)  whether  the  addition  of 
sulfate  of  iron  to  lime-sulfur  solution  will  prevent  burning;  (2)  whether 
the  combination  is  effective  against  apple  scab  and  other  fungous  diseases 
of  the*  apple;  (3)  whether  the  sticking  qualities  of  the  lime-sulfur  are 
improved. 

Violet-disease  investigations. —  The  violet-disease  investigations  were 
practically  terminated  during  the  past  year  and  the  results  of  the  work 
to  date  were  published  (Mass.  Hort.  Soc.     Trans.  1913:  85-102). 

Crown-gall  experiment. —  This  is  a  long-time  experiment,  with  the  pur- 
pose of  determining  the  effect  of  crown  gall  on  peach  and  apple  trees 
under  New  York  conditions.     The  trees  have  been  looked  over  carefully 
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and  as  yet  no  difference  can  be  detected  between  healthy  and  galled  trees. 
It  is  not  possible  to  distinguish  the  healthy  trees  without  the  aid  of  the 
planting  guide. 

Celery-storage  investigations, —  These  investigations  have  been  made  in 
order  to  determine  the  effect  of  various  celery  diseases,  particularly  the 
late-blight  disease  caused  by  Septoria  petroselina,  on  the  keeping  qualities 
of  celery  in  storage.  The  results  of  experiments  indicate  that  the  late- 
blight  disease  is  not  a  factor  in  the  storage  of  celery.  An  entirely  different 
affection  has  been  foimd  in  stored  celery  and  an  organism  has  been  isolated 
and  studied.  Numerous  field  tests  planned  for  the  present  season  were 
suddenly  terminated  by  heavy  frost. 

Gooseberry-disease  investigation, —  An  investigation  of  the  nature,  cause, 
and  control  of  gooseberry  necrosis  has  been  instituted  and  satisfactory 
progress  has  been  made. 

Control  of  oat  smut, —  An  investigation  is  being  conducted  in  order  to 
determine  more  efficient  means  of  controlling  this  disease.  The  work  is 
in  charge  of  R.  J.  Haskell,  an  assistant  in  the  Department. 

EXTENSION 

The  extension  work  of  the  Department  may  be  classified  as  follows: 
teaching  at  extension  schools,  demonstrations,  exhibits,  lectures,  personal 
visits  to  farms,  and  correspondence. 

Teaching  at  extension  schools, —  Lessons  in  plant  diseases  were  given  in 
extension  schools  at  the  following  places:  North  Bangor  (Franklin  county), 
South  Hampton  (Suffolk  county),  Le  Roy  (Genesee  county),  HoUey 
(Orleans  county),  and  Johnstown  (Fulton  county).  At  these  schools 
actual  laboratory  work  was  given,  with  microscopes  and  with  specimens 
of  diseased  plants.  The  interest  aroused  by  the  lessons  offers  evidence 
of  their  value. 

Demonstrations, —  A  number  of  visits  were  made  to  various  sections  of 
the  State,  on  request,  in  order  to  demonstrate  the  method  of  treating  oat 
seed  with  a  solution  of  formaldehyde  for  the  prevention  of  oat  smut. 
The  meetings  were  well  attended  and  later  reports  from  the  sections 
visited  proved  that  success  attended  the  efforts  of  all  who  made  the 
treatments. 

A  man  was  engaged  by  the  Department  and  was  stationed  at  Holley, 
Orleans  coimty,  to  demonstrate  to  pear-growers  the  method  of  controlling 
fire  blight.  In  all  this  representative  made  one  hundred  and  fifty-three 
visits  to  farms  surrounding  Holley,  demonstrating  to  growers  the  proper 
method  of  cutting  out  blighted  limbs  and  of  keeping  the  disease  under 
control.  In  order  to  demonstrate  that  the  disease  can  be  controlled  even 
when  trees  are  badly  infested,  such  an  orchard,  consisting  of  six  hundred 
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and  forty  Bartlett  trees,  was  selected  and  this  representative  was  placed 
in  charge.  The  diseased  parts  of  trees  were  removed,  and  the  orchard 
was  kept  free  from  disease  during  the  remainder  of  the  season  by  removing 
twigs  as  soon  as  they  showed  evidence  of  the  blight. 

As  in  previous  years,  the  men  associated  with  field  laboratories  have 
accomplished  a  large  amoimt  of  extension  work  in  connection  with  their 
investigations.  In  some  cases  the  extension  phase  of  the  work  is  equal 
in  importance  to  the  investigative  phase. 

Exhibits, —  Exhibits  of  the  common  diseases  of  orchard  crops  and  of 
methods  of  control  we^:e  made  at  the  annual  meeting  of  the  Western 
New  York  Horticultiu-al  Society  and  of  the  New  York  State  Fruit  Grow- 
ers' Association.  Also,  exhibits  of  the  diseases  of  farm  crops  were  made 
at  the  cotmty  fairs  of  Tioga,  Oswego,  and  Wyoming  counties  and  at  the 
State  Faif  at  S5rracuse.  An  exhibit  of  fruit-  and  shade-tree  diseases  was 
made  at  the  Rochester  Industrial  Exposition.  Tree  canker  and  wood 
decay,  and  the  method  of  treatment,  formed  an  important  feature  of  the 
exhibit  at  the  horticultural  meeting  at  the  State  Fair  and  at  the  Rochester 
Exposition.  An  exhibit  of  the  diseases  of  ginseng,  and  demonstrations 
of  soil  treatment  for  the  control  of  root  rots,  was  made  at  Syracuse  at  the 
annual  meeting  of  the  New  York  State  Ginseng  Growers*  Association. 

Lectures. —  Forty  lectures  on  some  phase  of  plant-disease  work  have 
been  given  by  members  of  the  staff  at  farmers*  institutes,  at  meetings  of 
horticultural  societies,  and  before  granges,  farmers'  clubs,  and  other 
agricultiu-al  organizations.  The  ntmiber  of  such  lectures  given  by  mem- 
bers of  the  Department  is  increasing  from  year  to  year.  The  most  satis- 
factory of  such  addresses  are  those  given  in  the  orchard  or  the  field  where 
the  plants  are  growing,  the  talk  being  supplemented  by  showing  the 
various  diseases  as  they  occur. 

Personal  visits  to  farms, —  On  request,  members  of  the  Department  have 
made  personal  visits  to  farms  in  order  to  examine  diseased  plants  and  give 
suggestions  as  to  their  treatment.  The  traveling  expenses  of  the  repre- 
sentative of  the  Department  have  been  paid  by  the  person  or  persons 
making  the  request.  Several  tours  of  inspection  have  been  made  this 
year,  in  order  that  a  better  knowledge  of  disease  conditions  in  various 
parts  of  the  State  may  be  obtained  and  control  measures  suggested  when 
necessary.  Eighty-four  localities,  representing  thirty-two  counties,  have 
been  visited  by  members  of  the  Department  during  the  year.  Many  of 
these  localities  were  visited  more  than  once,  and  some  of  them  were  visited 
several  times. 

Correspondence. —  The  correspondence  of  the  Department  is  large. 
During  the  year  3815  letters  were  written,  mostly  in  answer  to  inquiries 
regarding  the  control  of  plant  diseases.     In  addition  to  these,  several 
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thousand  circular  letters  and  cards  were  sent  out  giving  notice  to  growers 
of  the  proper  time  and  method  of  plant-disease  control. 

RECOMMENDATIONS 

The  most  urgent  need  of  the  Department,  as  in  the  past,  is  for  more 
satisfactory  quarters.  At  the  end  of  the  year  the  entire  Department  was 
moved  to  the  basement  of  the  new  Auditorixmi.  The  actual  floor  space 
is  ample  for  the  present  needs  of  the  Department,  but  the  poor  natural 
lighting  reduces  the  available  area  at  least  one  third.  With  the  base  of 
the  small-paned  windows  five  feet  from  the  floor,  the  light  will  never  be 
satisfactory  for  close  microscopic  work. 

The  intense  congestion  of  former  years  has  been  relieved  and  it  is  now 
possible  to  accept  all  the  regular  students  who  seek  instruction  in  the 
Department.  The  graduate  laboratories,  however,  are  still  very  much 
crowded.  Increased  floor  space  and  better  facilities  for  handling  properly 
the  increasing  number  of  graduate  students  are  among  the  imperative 
needs  of  the  Department  at  the  present  time. 

An  elementary  course  in  general  plant  pathology  for  special  students 
is  being  urged  more  and  more  strongly  by  those  special  students  who 
have  had  botany  or  biology  in  the  high  school  and  who  have  not  time  to 
carry  the  botany  and  biology  regarded  as  essential  prereqiiisites  of  our 
present  collegiate  course  in  the  subject.  This  demand  is  a  legitimate 
one;  it  can  be  met  only  by  the  appointment  of  an  additional  instructor  in 
the  teaching  division  and  by  providing  additional  floor  space  for  the 
work. 

There  is  increased  need  of  cold-storage  facilities  for  experimental  work. 
A  series  of  chambers  that  may  be  held  at  constant  low  temperatures 
would  assist  materially,  and  such  facilities  are  absolutely  necessary  for 
the  forwarding  of  a  number  of  important  lines  of  investigation. 

The  disease  garden  is  now  filled  with  trees  and  smaller  plants  of  various 
kinds,  and  practically  all  of  the  present  area  is  taken  up  with  long-time 
experiments.  The  space  between  the  rows  of  trees  has  been  used  for 
work  with  annuals,  but  the  trees  now  make  so  much  shade  that  the  land 
can  be  used  only  for  trees  and  for  a  limited  nimiber  of  shade-enduring 
plants.  More  land  is  needed  for  a  disease  garden,  not  only  for  experi- 
mental work  by  members  of  the  staff  but  also  as  a  place  where  suitable 
material  can  be  developed  for  teaching  purposes. 

H.  H.  WHETZEL. 
Professor  of  Plant  Pathology. 
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TEACHING 

The  number  of  students  registered  in  undergraduate  courses  for  the 
year  ending  September  30,  19 12,  was  274.  The  nimiber  of  undergraduates 
registered  for  the  year  ending  September  30,  1913,  was  445.  This  great 
increase  was  due  largely  to  the  fact  that  Course  i ,  Principles  of  Soil  Manage- 
ment, was  given  three  times  diuing  the  year,  and  Coiu-se  7,  Manures  and 
Fertilizers,  was  given  twice  —  each  of  these  courses  having  been  given 
during  the  Simmier  School.  This  repetition  of  coiu"ses  not  only  results 
in  increasing  the  capacity  of  the  laboratory,  but  also  makes  it  less  difficult 
for  students  to  schedule  the  work. 

Fourteen  graduate  students  were  registered  for  major  and  minor  sub- 
jects in  the  Department. 

The  course  in  drainage  and  irrigation  is  now  given  in  cooperation  with 
the  Department  of  Rural  Engineering.  It  is  expected  that  this  change 
will  greatly  increase  the  efficiency  of  the  work  in  this  subject. 

INVESTIGATION 

Adatns  fund  investigations 

One  of  the  investigations  conducted  under  the  Adams  fund  has  been 
completed;  three  are  still  in  progress.  The  investigation  completed  is 
the  one  previously  reported  as  an  eocaminaiion  of  certain  properties  of  an 
unproductive  soil. 

This  investigation  was  occasioned  by  the  occurrence  of  a  nimiber  of 
small  areas  of  land,  on  the  experiment  field,  on  which  plant  growth  was 
poor.  These  areas  were  so  unproductive,  with  so  Uttle  apparent  cause 
for  their  infertility,  that  an  investigation  of  the  matter  was  begun  under 
the  direction  of  Professor  Thomas  F.  Hunt,  who  was  at  that  time 
Agronomist  of  the  Cornell  University  Agricultiu-al  Experiment  Station. 

One  of  the  early  observations  made  in  the  experiment  was  that, 
when  soil  from  the  unproductive  area  was  removed  from  the  field  and 
placed  in  pots,  the  first  crop  grown  on  it  was  better  than  that  produced 
by  soil  from  surroimding  land  which  in  the  field  was  much  more  pro- 
ductive. This  characteristic  has  remained  constant  up  to  the  present 
time.  When  moved  to  the  greenhouse  in  a  solid  block,  thus  permitting 
of  very  little  aeration,  the  soils  possessed  the  same  relative  productiveness 
that  they  did  in  the  field. 

The  part  of  the  field  on  which  these  unproductive  spots  occiured  was 
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divided  into  one  hundred  and  ten  plats  5!  feet  by  8  or  12  feet  in  size, 
and  these  plats  were  cropped  with  millet  for  four  consecutive  years  in 
order  to  ascertain  whether  the  relative  productiveness  of  the  plats  was 
constant  or  was  merely  a  chance  occiurence.  The  relative  productive- 
ness was  found  to  be  a  fairly  constant  characteristic  especially  for  certain 
plats,  and  thirty-eight  of  these,  characterized  by  very  high  and  very 
low  yields,  were  selected  for  study. 

The  soils  of  these  plats  were  subjected  to  examinations  of  their  texture, 
their  chemical  composition,  their  content  of  organic  matter,  their  degree 
of  compactness,  and  their  moisture  and  nitrate  contents  at  different 
times.  Studies  were  made  also  of  the  effect  of  aeration  on  the  growth 
of  plants  in  the  soils  and  on  the  water-soluble  matter.  Plants  were  grown 
in  water  extracts  treated  with  carbon-black  and  imtreated.  Two  plats, 
representing  high  and  low  productiveness,  were  selected  for  an  exami- 
nation of  their  bacterial  flora  at  monthly  intervals  through  a  period  of 
two  years. 

The  data,  when  correlated,  brought  out  the  fact  that  the  lower-yielding 
plats  were  more  compact  than  the  higher-yielding  ones.  The  degree  of 
compactness  was  due  in  large  measure  to  the  quantity  of  organic  matter, 
and  in  less  degree  to  the  soil  texture.  There  was  a  close  correlation 
between  the  rate  of  nitrate  formation  and  the  productiveness  of  the  soils, 
which  indicates  that  the  less  productive  soils  were  too  compact  to  permit 
of  the  processes  necessary  to  a  high  state  of  fertility.  This  is  substantiated 
by  the  examination  of  the  effect  of  aeration,  which  was  to  temporarily 
increase  the  productiveness  of  the  poorer  soil  beyond  that  of  the  better 
and  to  greatly  increase  the  formation  of  nitrates. 

The  other  three  investigations  under  the  Adams  fund  are  being  con- 
tinued.   A  brief  statement  of  the  nature  of  each  follows: 

1.  Influence  of  soil  moisture  and  temperature  on  the  availability  and 
utilization  of  plant  nutrients  in  soils. —  This  study  is  imdertaken  for  the 
purpose  of  ascertaining  what  effect,  if  any,  a  given  moisture  content  in 
the  soil  may  exert  on  the  condition  in  which  the  plant  nutrients  are  held 
in  that  soil.  The  quantity  of  moisture  that  a  soil  contains  has  been 
generally  conceded  to  be  the  most  potent  factor  in  determining  crop 
yield.  It  is  not  known,  however,  to  what  extent  the  influence  that  it 
exerts  is  directly  on  the  crop,  and  to  what  extent  it  operates  by  making 
more  or  less  soluble  the  plant  nutrients  in  the  soil.  These  questions 
involve  the  activity  of  the  soil  bacteria,  modifications  in  the  colloidal 
condition  of  the  soil,  the  hydrolytic  action  of  water,  the  equilibriiun  of 
the  solutes  in  the  soil  water,  and  the  like. 

2.  A  study  of  the  composition  and  concentration  of  water-soluble  material 
of  soils  under  different  methods  of  soil  treatment. —  The  main  problem  has 


Digitized 


by  Google 


Dbpartmbnt  op  Soil  TbcThnologt  bd 

been  an  investigation  of  the  formation  of  nitrates  and  other  water-soluble 
xnatter  in  soils  as  affected  by  the  growth  of  certain  higher  plants.  The 
influence  of  some  other  conditions  have  of  necessity  been  studied,  in 
order  to  eliminate  them  from  the  experimental  results.  The  experiments 
deal  with  the  influence  of  the  plant  on  the  soil  in  distinction  from  the 
effect  of  the  soil  on  the  plant.  It  is  a  phase  of  soU  investigation  fimda- 
mental  to  a  study  of  crop  rotations. 

3.  Investigaiion  of  the  conditions  under  which  lime  is  removed  from  soils, 
and  of  the  changes  that  accompany  its  removal. —  The  tendency  of  soils  in 
a  himud  region  to  lose  their  basic  constituents  may  be  more  or  less  con- 
trollable. The  effect  of  different  crops,  cultivation,  fertilizers,  and  the 
like  on  the  quantities  of  calcium  and  other  constituents  of  the  drainage 
water  is  being  studied  by  means  of  large  tanks  filled  with  soil  from  which 
the  natural  drainage  is  collected. 

Other  investigations 

Examination  of  the  chemical  composition  and  certain  physical  properties 
of  the  more  important  types  of  soil  in  the  State, —  Representative  samples 
of  certain  types  of  soil  are  taken  from  three  different  areas  of  the  same 
type,  located  in  different  parts  of  the  State.  Chemical  analjrses  of  the 
completely  dissolved  soil  are  being  made  with  these  samples,  in  order 
to  ascertain  whether  the  composition  of  a  soil  type,  as  now  classified,  is 
fairly  uniform  and  is  sufficient  to  distinguish  any  t3rpe  from  other  types. 

A  comparison  of  the  practice  of  fertilizing  for  the  hay  crops  with  that  of 
fertilizing  for  the  grain  crops  in  a  rotation  of  timothy  and  clover  three  years 
followed  by  maize,  oats,  and  wheat  each  one  year, —  The  common  practice 
is  to  fertilize  the  grain  crops  rather  than  the  hay.  It  is  a  question  whether 
the  application  of  fertilizers  to  the  hay  crops  would  not  be  more  profitable, 
since  by  increasing  the  yield  of  hay  the  quantity  of  sod  is  increased  and 
this  is  in  itself  a  fertilizer.  Also,  the  hay  crop  is  the  most  valuable  crop 
if  large  yields  are  obtained. 

The  influence  of  the  application  of  calcium  in  certain  different  chemical 
combinations,  and  of  ground  limestone  in  different  degrees  of  pulverization, 
on  the  productiveness  of  certain  loam  and  clay  soils, —  It  is  a  question  in 
fertilizer  practice,  at  the  present  time,  whether  at  certain  prices  burned 
lime  or  ground  limestone  is  the  more  profitable,  and  also  what  degrees 
of  fineness  in  the  ground  limestone  should  be  used.  The  experiments 
involve  the  use  of  these  forms  of  calcixmi  in  different  quantities  on  different 
soils  of  loam  and  clay  texture. 

Top-dressing  alfalfa  with  farm  manure  and  with  different  fertilizers,  also 
with  lime,  when  it  has  been  seeded  for  a  number  of  years  and  the  yields  have 


Digitized 


by  Google 


bdi  Department  op  Soil  Technology 

begun  to  decrease. —  Alfalfa  is  a  crop  that  will  remain  on  the  land  for 
many  years  under  favorable  conditions.  Its  high  value  is  now  thoroughly 
appreciated  in  this  State.  Methods  for  increasing  its  productiveness 
and  maintaining  its  vitality  after  it  has  been  growing  for  a  number  of 
years  and  has  begun  to  deteriorate  should  be  found.  The  experiment 
is  planned  in  order  to  ascertain  whether  this  can  be  done  or  whether  the 
alfalfa  must  be  resown  periodically. 

Contimwtis  cropping  of  land  with  maize  and  hay, —  Numerous  experi- 
ments have  demonstrated  that  continuous  cropping  of  soil  without  manures 
decreases  the  crop  yields,  but  in  such  experiments  the  supply  of  organic 
matter  has  not  been  maintained.  In  this  experiment  it  is  being  attempted 
to  keep  up  the  supply  of  organic  matter  by  growing  a  hay  crop  four  years 
and  a  maize  crop  one  year  in  every  five.  The  hay  will  be  removed  regularly 
but  the  sod  will  be  plowed  under. 

The  nitrogen  balance  in  soils  growing  different  legumes,  and  in  soils  grow- 
ing timothy y  when  the  hay  crops  are  removed. —  Experiments  conducted  by 
the  Department  have  shown  that,  as  compared  with  grasses,  legumes 
increase  the  rate  of  nitrate  production  in  soils.  It  is  well  known  that 
legumes  use  nitrate  nitrogen  in  large  quantities.  It  is  therefore  a  question 
how  much  of  the  large  quantities  of  atmospheric  nitrogen  fixed  by  legumes 
is  left  in  the  soil  when  the  crops  are  removed,  how  the  different  species 
of  legumes  differ  in  this  respect,  and  how  they  compare  with  timothy. 

The  use  of  fertilizers  on  a  nurse  crop  with  which  timothy  or  timothy  and 
clover  are  sown. —  A  luxiuiant  growth  of  a  nurse  crop  with  which  grass 
is  seeded  has  been  observed  to  delay  the  growth  of  the  grass.  The 
maniuing  of  the  niu-se  crop  results  in  its  better  growth.  It  is  a  question 
whether  the  profit  from  the  increased  value  of  the  nurse  crop  will  offset 
the  delayed  growth  of  the  hay  crop.  The  experiment  is  also  designed  to 
test  the  profitableness  of  added  fertilizers  in  separate  portions,  the  nitrate 
nitrogen  being  reserved  for  use  directly  after  removing  the  nurse  crop. 

The  fertilizer  needs  and  lime  requirements  of  certain  muck  soils. —  Muck 
soils  are  of  great  value  when  properly  handled.  They  vary  widely  in 
vheir  composition  and  properties.  The  fertilizer  and  lime  requirements 
of  such  soils  differ  with  different  deposits.  Local  tests  are  being  made 
and  it  is  expected  that  information  of  general  application  will  be  gained. 

Local  fertilizer  tests. —  Tests  of  different  kinds  and  quantities  of  ferti- 
lizers applied  to  a  rotation  of  crops,  with  and  without  the  application  of 
lime,  are  being  conducted  for  the  purpose  of  ascertaining  the  fertilizer 
needs  of  the  particular  soil  under  experiment.  When  a  sufficient  ntmiber 
of  these  are  in  operation,  they  will  furnish  information  as  to  the  possi- 
bility of  determining  the  fertilizer  needs  of  any  soil  type  by  conducting 
experiments  on  a  representative  soil  of  that  type. 
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EXTENSION  . 

The  activities  of  this  section  may  be  divided  into  two  groups:  the  first 
aims  to  collect  data  concerning  the  nature,  distribution,  and  management 
of  the  soils  of  the  State;  the  second  is  educational,  and  aims  to  bring  before 
the  people  of  the  State  who  are  not  registered  in  regular  university  courses 
the  fimdamental  facts  concerning  soil  improvement  and  the  results  of 
demonstrations,  both  at  Cornell  University  and  elsewhere,  in  so  far  as 
they  apply  to  soil  conditions  in  the  State.  In  the  first  group  is  included 
(i)  soil  surveys,  (2)  drainage  surveys,  (3)  irrigation  studies,  (4)  com- 
position of  soil  types,  (5)  field-plot  experiments,  and  (6)  miscellaneous 
investigations  and  observations.  In  the  second  group  are  included  (i) 
preparation  of  bulletins,  (2)  extension  schools,  (3)  farm-train  lectures  and 
exhibits,  (4)  exhibits  at  local  fairs  and  at  the  State  Fair,  (5)  miscellaneous 
lectures,  (6)  visits  to  farms,  and  (7)  correspondence. 

Field  studies 

Soil  surveys,  in  cooperation  with  the  United  States  Bureau  of  Soils, 
have  been  in  progress  in  three  areas: 

1.  The  field  work  in  Orange  county  was  completed  in  November. 
Of  the  total  of  849  square  miles  of  that  area,  199  square  miles  were 
traversed  after  October  i.  The  variety  of  soils  in  Orange  coimty  is  above 
the  average.  The  central  part  of  the  coimty  is  occupied  by  soils  derived 
from  a  shale  and  sandstone  glacial  tiU,  deficient  in  lime  and  classed  with 
the  Dutchess  series.  Associated  with  these  are  small  areas  of  soil  derived 
from  calcareous  glacial  till.  The  southeastern  part  of  the  county  is 
occupied  by  a  moimtainous  region,  where  the  soils  are  generally  thin 
and  stony  and  are  derived  by  glacial  action  from  the  granitic  and  trap 
rocks  of  that  region.  The  western  part  of  the  county  reaches  into  the 
stony  glacial  soils  of  the  Catskill  Moimtains  section  and  the  soils  are  of 
very  low  agricultural  value.  Several  miscellaneous  types  of  soil  of  small 
extent,  together  with  a  small  amount  of  alluvial  soil,  were  also  encountered. 
The  most  important  special  feature  of  the  soils  of  the  county  is  the  large 
areas  of  muck  soil  in  the  lower  Wallkill  valley,  a  considerable  part  of 
which  is  utilized  for  the  production  of  onions,  celery,  lettuce,  and  related 
crops. 

2.  The  field  work  in  Oneida  county  was  continued  during  the  fall  of 
191 2  and  renewed  in  June,  1913.  By  September  30  approximately  1000 
square  miles  of  the  total  of  11 80  square  miles  in  the  county  had  been 
traversed.  It  is  expected  that  the  field  work  in  Oneida  county  will  be 
completed  diuing  this  field  season.  The  variety  of  soils  in  Oneida  county 
is  greater  than  in  any  other  area  thus  far  stu^eyed  in  the  State,  if  not 
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in  the  United  States.  The  county  occupies  a  peculiar  position  at  the 
meeting-point  of  several  groups  of  soil  conditions,  namely:  the  glaciated 
shaly  hill  lands  of  the  south;  the  glacial  lake  plains  of  the  middle;  the 
calcareous  glacial  till  of  the  central  and  southern  sections;  the  granitic 
till  of  the  northern  part;  and  the  morainic,  swamp,  and  alluvial  soils 
associated  with  the  other  groups.  Over  sixty  t3rpes  of  soil  have  been 
recognized  by  the  field  party  thus  far.  It  is  particularly  important 
that  a  correct  classification  of  these  soils  be  made,  because  of  the  relation 
that  they  have  to  the  correlation  of  types  over  wide  areas  of  the  State; 
and  special  attention  is  being  given  to  the  nM,tter  by  this  Department 
and  by  the  inspectors  for  the  United  States  Bureau  of  Soils. 

3.  A  survey  was  begim  in  Chautauqua  county  in  June,  and  on  Sep- 
tember 30  approximately  500  square  miles  of  the  1062  square  miles  in 
the  county  had  been  traversed.  This  stirvey  will  include  the  revision 
of  the  Westfield  sheet,  which  lies  entirely  within  Chautauqua  county  on 
the  shore  of  Lake  Erie  and  takes  in  the  greater  part  of  the  Lake  Erie 
grape  belt.  The  Westfield  survey  was  made  by  the  United  States  Bureau 
of  Soils.  It  was  the  first  soil  survey  made  in  this  State  and  was  completed 
in  1 90 1,  when  soil  survey  work  was  very  new;  consequently  some  changes 
in  separations  and  names  of  types  will  be  necessary  in  the  revision,  in 
order  to  make  the  work  coincide  with  that  now  being  done. 

The  soil  conditions  in  Chautauqua  county  are  relatively  simple.  They 
consist  of  the  glaciated  shale  and  sandstone  uplands  of  the  southern  two 
thirds  of  the  coimty,  embraced  in  the  Volusia  series;  the  glacial  lake 
deposits  on  the  Lake  Erie  plain,  recognized  chiefly  as  the  Dunkirk  series; 
the  glacial  stream  outWash  terraces  in  all  the  larger  valleys,  classed  as 
Chenango;  and  the  alluvial  and  swamp  soils,  which  are  of  limited  extent. 

The  most  important  special  interest  of  the  region  is  grape-growing  on 
the  Lake  Erie  plain  and  foreland.  This  is  probably  due  to  climatic  as 
well  as  soil  conditions. 

The  Conewango  valley,  in  the  southeastern  part  of  the  county,  presents 
some  rather  large  drainage  problems,  together  with  problems  concerning 
the  utilization  of  muck  and  other  wet  soils.  The  higher  hills  —  covered 
by  Volusia  soil  —  in  common  with  a  large  part  of  southern  New  York, 
also  present  important  and  complicated  problems  concerning  the  main- 
tenance of  son  fertility  and  the  utilization  of  these  lands. 

The  total  area  of  soils  surveyed  in  the  State  to  this  date  is  12,145  square 
miles,  distributed  in  twenty-one  areas. 

Drainage  surveys. —  Seven  farms  have  been  visited,  with  the  purpose  of 
giving  assistance  in  the  planning  of  farm-drainage  systems.  These  sur- 
veys and  plans  have  been  in  the  nature  of  a  reconnoissance,  owing  to  the 
lack  of  facilities  for  giving  more  extensive  aid.     A  number  of  caUs  for 
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assistance  could  not  be  met.  Data  are  continually  being  accumulated 
concerning  the  conditions,  methods,  and  results  of  drainage  in  the  State, 
and  these  data  emphasize  the  large  importance  of  this  subject  in  increasing 
the  productive  capacity  of  our  soils. 

Irrigation  studies, —  There  is  an  increasing  interest  in  the  practice  of 
irrigation  in  New  York.  Many  persons  inquire  concerning  its  practica- 
bility and  the  best  methods  to  be  pursued.  A  nimiber  of  irrigation  plants 
are  in  operation  in  the  State  in  connection  with  the  production  of  truck 
and  small-fruit  crops.  There  is  need  of  a  systematic  investigation  of  this 
subject. 

In  connection  with  the  Rochester  Railway  and  Light  Company  and  the 
proprietors  of  the  Baker  farm,  north  of  Rochester,  an  investigation  of 
irrigation  methods  was  begvm  in  the  spring.  The  lighting  company  is 
interested  in  the  development  of  farm  uses  for  electrical  power,  and  the 
company  therefore  wishes  to  determine  to  what  extent  and  under  what 
conditions  it  is  practicable  for  the  farmer  to  use  a  moderately  expensive 
form  of  power  for  pumping  to  supply  and  distribute  water.  The  employee 
(rf  the  company  with  whom  our  cooperation  is  effected  is  a  graduate  of 
this  College.  He  gives  personal  attention  to  the  maintenance  and  con- 
duct of  the  investigation  in  the  field.  The  Baker  farm  is  devoted  to  the 
production  of  fruit  and  some  vegetables.  The  soil  is  a  light  sandy  loam. 
The  farm  has  a  water  supply  suitable  for  experimental  purposes.  The 
crops  imder  study  are  peaches,  cherries,  blackberries,  raspberries,  and 
beans.  Benefit  to  the  crops  is  noted,  but  no  conclusions  have  been 
drawn  from  the  season's  results.    The  work  is  to  be  continued. 

Composition  of  soil  types, —  Work  on  the  analyses  of  representative 
samples  of  type  soils  in  Tompkins  coimty  has  been  continued. 

Field-plot  experiments, —  The  first  regular  crop  on  the  field  plots  located 
at  Virgil  was  grown  this  season.  .  The  crop  consisted  of  potatoes.  This  is 
the  beginning  of  a  series  of  tests  embodying  one  hundred  and  forty-foiu" 
plots,  to  be  continued  for  a  period  of  years  in  order  to  determine  the  best 
means  of  improving  the  Volusia  silt  loam  in  that  region.  Thus  far  the 
Department  has  worked  in  cooperation  with  a  representative  of  the  agri- 
cultural division  of  the  State  Normal  School  at  Cortland. 

Another  experiment,  involving  the  same  series  of  treatments  of  plots,  has 
been  located  on  the  farm  of  the  School  of  Agriculture  at  Alfred,  in  Megany 
county.  This  also  is  on  Volusia  silt  loam.  The  school  will  perform  the 
labor  necessary  in  order  to  maintain  the  plots.  A  severe  hailstorm  in 
July  seriously  injured  the  crop  of  potatoes  on  this  area. 

Miscellaneous  investigations  and  observations, —  Various  data  concerning 
soil  conditions  are  collected  from  time  to  time  as  supplementary  to  other 
lines  of  work.     One  of  these  minor  features  is  the  observation  of  the  effects 
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of  the  tise  of  dynamite  on  certain  soil  conditions.  It  seems  safe  to  say 
that  the  use  of  dynamite  to  break  up  hard  subsoil  and  afford  drainage 
has  a  very  limited  practical  use  in  New  York.  On  any  of  the  types  of 
soil  having  a  deep,  compact  subsoil,  the  use  of  dynamite  must  be  cx>upled 
with  that  of  some  form  of  tile  or  other  material  for  the  transmission  of 
water.  The  trials  on  and  near  the  university  farm  have  thus  far  had  no 
observable  effect. 

Educational  work 

Preparation  of  bulletins. — (See  Publications.) 

Extension  schools. —  This  Department  took  part  in  eight  extension 
schools,  and  devoted  twenty-eight  days  to  actual  instruction,  in  the 
months  from  December  to  March  inclusive.  The  courses  given  dealt 
with  fundamental  principles  of  soil  improvement,  with  special  reference 
to  the  interests  of  the  region  in  which  each  school  was  held. 

Farm-train  lectures  and  exhibits. —  Lectures  and  demonstrations  were 
given  in  the  educational  farm  train  run  for  three  days  over  the  Harlem 
Division  of  the  New  York  Central  Railroad,  November  12  to  14  inclusive. 
Nine  lectures  were  given. 

Exhibits  at  local  fairs  and  at  the  State  Fair. —  Representatives  of  the 
Department  attended  the  State  Fair  and  five  local  fairs  with  an  educa- 
tional exhibit,  during  the  latter  part  of  August  and  September. 

Miscellaneous  lectures. —  Aside  from  the  addresses  made  in  organized 
courses  as  noted  above,  thirty-seven  lectures  were  given  before  a  variety 
of  audiences,  including  farmers'  institutes,  church  conferences.  Farmers' 
Week,  granges,  and  other  organized  bodies. 

Visits  to  farms. —  The  Department  is  frequently  called  upon  to  inspect 
farms  with  the  view  of  giving  advice  concerning  the  character  and  possi- 
bilities of  the  soil  and  methods  for  improvement.  It  is  not  attempted 
to  meet  aU  these  calls;  but  in  so  far  as  such  work  promises  real  aid  and 
can  be  combined  with  the  other  activities  of  the  section,  the  calls  are 
accepted  especially  when  for  the  purpose  of  public  institutions.  In  this 
manner  fifteen  farms  were  examined  during  the  year,  of  which  seven  were 
for  public  institutions. 

Correspondence. —  During  the  year  3000  letters  were  written  in  the 
general  correspondence  of  the  Department,  in  addition  to  which  1856 
circular  letters  were  sent  out. 

PUBLICATIONS 

T.  Lyttleton  Lyon  and  James  A.  BizzeV.  The  influence  of  a  preceding 
crop  on  nitrification  in  soil.    Joum.  indas.  and  eng.  chem.  5:136-138. 

T.  Lyttleton  Lyon  and  James  A.  Bizzell.  The  influence  of  alfalfa  and 
of  timothy  on  the  production  of  nitrates  in  soils.  Centbl.  bakt. 
2:37:161-167. 
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T.  Lyttleton  Lyon  and  James  A.  Bizzell.  Water-soluble  matter  in 
soils  sterilized  and  reinoculated.  Cornell  Univ.  Agr.  Exp.  Sta.  Bid. 
326:205-224. 

T.  Lyttleton  Lyon  and  James  A.  Bizzell.  The  plant  as  an  indicator  of 
the  relative  density  of  soil  solutions.    Am.  Soc.  Agron.     Proc.  4:35-49. 

T.  Ljrttleton  Lyon  and  James  A.  Bizzell.  Is  there  a  mutual  stimulation 
of  plants  through  root  influence?    Am.  Soc.  Agron.    Proc.  5:38-44. 

T.  Ljrttleton  Lyon  and  James  A.  Bizzell.  Formation  of  nitrates  in  soil 
after  freezing  and  thawing.    Am.  Soc.  Agron.    Proc.  5:45-46. 

Elmer  O.  Pippin.  Onions  on  muck  soil.  Report  of  New  York  State 
Vegetable  Growers  Assoc.  1912-1913:64-68.  (The  same  article  appeared 
in  The  Vegetable  Grower,  April,  191 2,  and  was  listed  in  the  last  annual 
report  of  the  College.) 

Ehner  O.  Pippin.  Needed  changes  in  the  drainage  laws  of  New  York 
State.  Proceedings  of  the  73d  Amiual  Meeting  of  the  New  York  State 
Agricultural  Society.  New  York  State  Agr.  Dept.  Bui.  47:1178-1187. 
(iUso,  Tribune  farmer  12:586:3.) 

Elmer  O.  Pippin.  The  importance  and  value  of  reasonable  drainage 
of  the  soil.     (Tribune  farmer  12 :  599 : 1-2 .) 

Elmer  O.  Pippin.  Tilth  and  tillage  of  the  soil.  Cornell  reading- 
course  lessons  for  the  farm  2:42:157-184. 

RECOMMENDATIONS 

SoU-ifnprovef7ient  plats, —  A  series  of  soil-improvement  plats  should  be 
established  on  different  soil  types,  to  be  continued  for  a  niunber  of  years. 
These  would  serve  three  purposes:  (i)  to  determine  the  needs  of  each 
sofl  type;  (2)  to  serve  as  a  demonstration  in  each  commimity ;  (3)  to  supply 
a  source  of  experiment  data  and  a  basis  for  research. 

Glasshouses. —  It  is  desirable  that  the  glasshouses  used  by  the  Depart- 
ment should  be  of  a  kind  especially  adapted  to  the  needs  of  the  work, 
instead  of  being  of  the  type  xised  for  horticultural  work.  It  would  also 
be  an  economy  in  time  and  in  energy  to  have  the  two  houses  side  by  side, 
instead  of  separated  as  at  present. 

T.  LYTTLETON  LYON. 
Professor  of  Soil  Technology. 
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TEACHING 

Dtiring  the  past  year  the  teaching  work  in  hortictilture  progressed 
very  satisfactorily.  At  the  beginning  of  the  year  the  courses  in  Nuci- 
cultiire  and  Subtropical  Pomology  were  transferred  to  the  Department 
of  Pomology,  and  the  course  in  Evolution  of  Plants  was  dropped  because 
the  work  was  practically  covered  by  courses  in  the  Department  of  Plant- 
breeding.  This  permitted  concentration  on  the  two  main  lines  of  horti- 
cultural work  remaining  in  the  Department.  There  was  an  increased 
registration  in  all  the  floricultural  and  vegetable-gardening  cotirses.  The 
total  nimiber  of  students  receiving  instruction  in  flower-  and  vegetable- 
growing  was  374.  The  nimiber  registered  for  this  work  in  the  Winter 
Course  was  69. 

The  new  coiu-ses  in  Garden  Flowers  and  Home  Vegetable-gardening 
were  exceedingly  popular  among  the  students.  Courses  giving  the  broad 
elementary  principles  of  these  subjects,  if  taught  in  their  relation  to  the 
farm,  will  continue  to  attract  students  in  increasing  niunbers. 

In  those  courses  requiring  greenhouse  facilities  the  Department  was 
hampered  by  lack  of  sufficient  space.  Although  having  but  6720  square 
feet  of  greenhouse  space,  the  Department  was  called  upon  to  provide 
instruction  for  three  hundred  and  eleven  students.  The  successful 
accomplishment  of  this  task  was  an  imdue  strain  on  the  time  and  strength 
of  the  head  of  the  Department,  leaving  too  little  time  and  energy  for  other 
important  matters.  It  is  hoped  that  the  additional  glass  area  provided 
for  in  the  appropriation  passed  last  spring  will  relieve  this  condition  and 
allow  the  giving  of  three  additional  courses,  which  will  be  offered  as 
follows: 

Commercial  Floriculture, —  Lectures,  assigned  readings,  and  discussions 
on  greenhouse  plants  and  on  the  packing,  handling,  and  marketing  of 
cut  flowers  and  plants  for  retail  and  wholesale  markets.  The  work  in 
the  principles  of  greenhouse  management  heretofore  given  in  the  first 
semester  of  the  course  in  commercial  floriculture  will  hereafter  be  known 
as  Greenhouse  Management.  This  course  is  made  a  prerequisite  for  the 
courses  offered  in  commercial  floriculture,  except  for  those  who  have  had 
some  practical  experience.  As  the  courses  are  now  arranged,  commercial 
floriculture  is  begun  in  the  second  semester  and  continued  dimng  the 
first  semester  of  the  following  year.  Thus  a  student  is  enabled  to  follow 
the  development  of  the  cut-flower  crops  from  the  cuttings  to  maturity. 

[Ixviii] 
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Atnateur  Floriculture. —  The  propagation  and  culture  of  plants  suitable 
for  window  garden  and  dooryard,  including  a  study  of  containers,  soils, 
fertilizers,  insecticides;  also,  preparation  and  planting  of  flower  beds. 

Propagation  and  Culture  of  Ornamental  Shrubs, —  A  course  designed  to 
acquaint  the  student  with  methods  of  propagation,  pruning,  and  culture 
of  shrubs. 

Graduate  work 

Ten  graduate  students  registered  for  work  in  the  Department.  All 
but  one  of  these  were  candidates  for  advanced  degrees;  three  were  candi- 
dates for  the  doctor's  degree.   Four  of  the  candidates  completed  their  work. 

Winter  Courses 
As  in  previous  years,  instruction  was  given  along  three  lines — fruit- 
growing, vegetable-growing,  and  flower-growing.  There  was  an  increased 
registration  last  year;  however,  with  the  exception  of  the  instruction  in 
fruit-growing,  all  the  work  was  given  by  the  regular  staff.  In  addition 
to  the  specialized  groups  of  cotu-ses,  a  special  course  in  general  horticulttu^ 
was  given  for  the  benefit  of  students  in  general  agriculture. 

investigation 

Peony  studies. —  The  collection  of  peonies  was  successfully  removed  to 
the  new  floricultural  area.  It  is  expected  that  new  varieties  will  be  added 
as  they  appear.  Many  of  the  species  are  being  added  this  fall,  so  that 
the  collection  will  remain  a  living  herbariiun. 

Sweet-pea  studies. —  This  work  is  practically  completed.  During  the 
past  year  two  himdred  varieties  of  sweet  peas  were  grown,  and  descriptions 
of  the  new  varieties  were  made.  The  novelties  will  be  grown  next  year, 
but  the  nimiber  of  varieties  to  be  tested  each  year  will  be  much  less.  A 
bulletin  is  now  completed  giving  complete  descriptions  of  the  varieties  of 
the  outdoor  type. 

Gladiolus  studies. —  Much  of  the  energy  of  the  Department  this  year 
was  directed  toward  the  work  with  gladioli.  More  than  five  htmdred 
lots  of  corms,  comprising  four  himdred  and  ninety  varieties,  were  tested 
and  careful  notes  were  made.  A  large  nxmiber  of  photographs  were 
taken. 

Rose  studies. —  A  test  of  varieties  of  climbing  roses  was  begun  last 
spring.  A  complete  collection  of  all  the  varieties  of  this  class  offered  by 
American  nurserymen  has  been  planted,  and  notwithstanding  the  dry 
season  the  plants  have  made  a  fine  growth.  It  is  now  proposed  to  under- 
take a  test  of  bush  and  dwarf  varieties.  This  work  is  needed,  for  there 
is  no  flower  that  is  more  popular.    Unfortunately,  however,  much  diffi- 
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culty  is  experienced  in  growing  roses.  The  new  hybrids  promise  better 
results,  and  the  Department  should  assist  in  the  development  and  popular- 
ization of  the  new  types. 

Aster  studies. —  A  study  of  the  various  types  and  varieties  of  asters 
was  tmdertaken  by  a  graduate  student  of  the  Department.  It  is  planned 
to  continue  the  work  for  at  least  another  season. 

Other  studies  of  flowers. —  As  rapidly  as  possible,  work  will  be  under- 
taken with  other  important  flower  crops.  Each  year  there  is  an  increase 
in  the  nimiber  of  inquiries  received  concerning  this  subject,  and  one  of 
the  greatest  needs  at  present  is  the  preparation  of  horticultural  mono- 
graphs on  all  the  important  flowers. 

A  large  collection  of  annual  flowers  was  grown  this  year  on  an  experi- 
mental area  set  aside  for  this  work. 

Vegetable  experiments  on  muck  lands. —  This  work  was  continued  along 
the  same  lines  as  heretofore.  The  experimental  areas  are  located  at 
South  Lima,  Clyde,  and  Canastota,  where  a  considerable  vegetable- 
growing  business  has  developed.  It  is  hoped  that  with  the  data  for  another 
season  the  results  will  be  sufficiently  conclusive  to  warrant  publication. 

Vegetable-^iccounting. —  The  collection  of  data  in  this  manner  was  con- 
tinued during  the  year.  The  statistics  on  various  crops,  compiled  from 
the  data  gathered  from  growers,  will  be  very  valuable.  It  is  recommended 
that  sufficient  provision  be  made  for  the  extension  of  this  work. 

Lima-bean  studies. —  A  study  of  the  growing  of  lima  beans  is  in  progress. 
Last  season  the  work  was  done  on  Long  Island;  this  year  cultural  tests 
were  made  at  Ithaca.  The  study  includes  the  types,  varieties,  fertilizers, 
distance  apart  for  planting,  culture,  and  the  like,  of  this  bean. 

extension 

The  Department  was  fortunate  in  engaging  a  capable  man  for  extension 
work  and  therefore  was  able  to  do  much  more  along  this  line  than  it  has 
previously  accomplished.  The  amount  of  extension  work  done,  however, 
was  Umited  because  the  extension  instructor  had  to  give  three  hours 
of  instruction  throughout  the  year  and  seven  additional  hours  during 
the  Winter  Course.  The  following  account  will  indicate  the  scope  of 
the  extension  activities  of  the  Department: 

Vegetable-gardening  and  demonstration  train. —  A  vegetable-gardening 
train  was  run  over  the  West  Shore  Division  of  the  New  York  Central 
Railroad  from  Newburg  to  Troy,  during  the  week  of  March  31  to  April  5. 
This  train  consisted  of  two  cars,  one  for  the  exhibit  and  one  for  lectures 
and  demonstrations.  It  was  in  charge  of  P.  S.  Welch,  an  agricultural 
representative  of  the  railroad  company.  Stops  were  made  at  Newburg, 
Kingston,  Catskill,  Coxsackie,  Albany,  Schenectady,  and  Troy;  with  the 
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exception  of  those  at  Catskill  and  Coxsackie,  the  stops  were  for  one  day 
each.  The  exhibit  consisted  of  fresh  and  preserved  vegetables,  green- 
house models  and  material,  hotbed  models,  potted  plants,  photographs, 
charts,  tools,  cultivators,  drills,  seeds,  publications,  and  the  like.  Lectures 
were  given  on  greenhouse  construction,  planting  home  grounds,  and  school 
gardens,  by  Professor  Beal;  on  planting  and  transplanting  vegetables, 
planning  vegetable  gardens,  and  home  vegetable  gardens,  by  Mr.  Wilkin- 
son; on  intensive  vegetable-growing,  market  gardening,  and  growers' 
organizations,  by  Mr.  Work. 

This  was  unquestionably  the  fu^t  train  ever  run  in  America  in  the 
interests  of  vegetable-growing.  It  was  very  successful  and,  although  the 
train  was  run  immediately  following  the  disastrous  floods,  the  attendance 
was  good.  Fourteen  hundred  persons  visited  the  train  and  the  men  in 
charge  were  kept  busy  answering  questions.  Prom  the  great  interest 
manifested,  it  was  the  opinion  of  all  those  connected  with  the  enterprise 
that  much  was  accomplished  in  showing  the  people  what  the  College  is 
trjring  to  do  in  solving  some  of  the  vegetable-growing  problems. 

Brief  survey  trips, —  Short  trips  were  made  for  the  purpose  of  ascer- 
taining the  vegetable-growing  conditions  on  Long  Island  and  in  the 
Irondequoit  section.  All  the  developed  muck  areas  in  central  New  York 
were  visited.  In  addition,  visits  were  made  to  new  muck  areas  at  Oneida 
Lake  and  Rome,  on  the  request  of  growers  seeking  advice.  At  the  request 
of  the  coimty  bureau  agent,  a  trip  was  made  through  Chautauqua  coimty. 

Assistance  in  marketing, —  One  of  the  results  of  the  Long  Island  trip 
was  a  study  of  the  marketing  problem.  The  market  conditions  were 
ascertained,  and  efforts  were  made  to  assist  the  growers  in  finding  markets 
and  especially  to  place  grower  and  consumer  in  direct  connection  with 
each  other. 

Extension  schools. —  Assistance  was  given  in  only  two  extension  schools, 
but  this  was  largely  due  to  the  fact  that  schools  were  not  arranged  for 
in  localities  where  the  vegetable-growing  industry  is  largest. 

Granges  and  other  organizations, —  Addresses  were  made  to  the  granges 
at  Brockton,  Palatine,  Ovid,  Newfield,  Springport,  and  Ira.  A  series  of 
eight  lectures  on  home  gardening  was  delivered  under  the  auspices  of  the 
Buffalo  Young  Men's  Christian  Association.  During  the  period  from 
March  1 1  to  April  30,  addresses  were  given  before  the  Western  New  York 
Horticultural  Society,  the  Syracuse  Vegetable  Growers,  and  the  State 
Vegetable  Growers'  Association.  Lectures  have  been  delivered  at  Mineola, 
Jamaica  (three),  Richfield  Springs  (three),  Warren  (two),  Olean  (two), 
Portville,  Sheridan,  and  Frewsburg. 

Exhibitions. —  The  vegetable  exhibit  at  the  Land  Show  in  New  York 
was  set  up  by  the  extension  instructor  of  the  Department.    The  Depart- 
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ment  made  exhibits  at  the  State  Fair  and  at  Poughkeepsie.  In  addition, 
judging  was  done  at  Bath,  New  York. 

Hatne  gardening, —  The  program  for  one  day  dtiring  Farmers*  Week 
was  devoted  to  home  gardening,  and  the  attendance  was  greater  than 
that  at  any  other  of  the  horticultural  sessions.  Along  this  line,  five 
visits  were  made  to  Owego  in  the  interest  of  vacant-lot  gardening  in  cities. 
Assistance  was  given  in  planning  gardens  and  also  advice  as  to  care  of 
gardens.  This  work  should  be  stimulated  in  every  way  possible,  for  the 
high  cost  of  living  can  be  reduced  to  a  large  extent  by  the  growing  of  a 
vegetable  garden.  A  large  proportion  of  the  population  in  the  smaller 
cities  have  room  for  a  garden,  and,  even  where  this  is  not  the  case,  vacant 
lots  can  frequently  be  utilized. 

State  institutions, —  Visits  have  been  made,  at  the  instance  of  the  State 
Department  of  Agriculture,  to  the  Hudson  River  State  Hospital  and  to 
the  Letchworth  Village  at  Thiells,  New  York. 

Experiments  on  muck  lands. —  These  experiments,  being  cooperative, 
were  placed  in  charge  of  the  extension  division  this  year.  Several  trips 
have  been  made  for  conducting  and  inspecting  the  work. 

Publications, —  Two  Reading-Cotu'se  Lessons  for  the  Farm  were  pre- 
pared, entitled  respectively  "  Hotbed  Construction  and  Management  ** 
and  **  Home-garden  Planning."  There  were  also  published  two  lessons 
in  the  Reading-Course  for  the  Farm  Home,  "Vegetable-gardening**  and 
'•  The  Flower  Garden." 

Correspondence. —  The  mailing  lists  for  the  Department  were  revised 
and  a  large  number  of  names  were  added.  More  than  three  thousand 
circular  letters  and  return  postals  were  sent  out  for  the  purpose  of  collect- 
ing data  on  vegetable  crops.  A  card  index  has  been  made  of  celery- 
growers,  potato-growers,  lettuce-growers,  and  growers  of  other  crops.  A 
classified  list  by  counties  is  being  made.  This  will  enable  the  Depart- 
ment to  get  in  touch  with  the  growers  of  any  particular  crop  or  to  circular- 
ize the  growers  in  any  county.  All  departmental  activities  in  the  extension 
field  have  entailed  a  correspondence  of  about  thirty-five  hundred  letters, 
in  addition  to  those  referred  to  above. 

recommendations 

The  need  of  increased  greenhouse  space  is  again  emphasized.  The 
Department  is  vmable  to  give  any  kind  of  practical  instruction  in  the 
growing  of  roses  or  of  violets,  both  of  which  are  leading  floricultural 
industries.  The  same  is  true  of  cucimiber-  and  tomato-forcing.  Even 
with  those  crops  that  are  grown  by  the  Department  no  adequate  training 
can  be  given  in  packing  or  marketing  methods.     It  is  probable  that  the 
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increase  in  students  will  be  such  that  the  Department  will  not  be  able 
to  provide  all  the  training  that  individuals  require;  but  to  be  absolutely 
imable  to  provide  any  laboratory  work  in  some  of  the  most  important 
phases  of  floriculture  and  vegetable-gardening,  is  extremely  trying  to 
those  concerned  in  building  up  the  instruction  in  such  special  lines  and 
disappointing  to  those  who  desire  such  training. 

The  writer  desires  to  call  attention  to  all  the  recommendations  made 
in  the  last  departmental  report  concerning  the  need  of  facilities  for  in- 
vestigative work. 

It  is  recommended  that  a  photographic  laboratory  and  field  oflice,  as 
well  as  a  tool  house,  be  provided  at  the  Craig  Field  (formerly  the  Bool 
farm).  At  present  a  part  of  the  bam  is  used  for  the  storage  of  tools;  in 
remodeling  the  buildings  it  is  recommended  that  a  separate  tool  house  and 
bam  for  the  Department  of  Floricultiu^  be  constructed  on  that  part  of 
the  farm  assigned  to  the  Department.  Similar  quarters  should  be  pro- 
vided for  the  work  in  vegetables. 

It  is  recommended  that  funds  be  provided  for  surve5rs.  There  are 
seventeen  thousand  commercial  vegetable-growers,  and  thus  far  the 
Department  has  been  able  to  reach  only  a  little  over  three  thousand  of 
tb«n.  They  can  be  reached  through  surveys  in  the  leading  vegetable- 
growing  sections.  Accurate  knowledge  of  the  conditions  throughout  the 
State  is  greatly  needed,  for  the  reason  that  this  industry  has  not  received 
much  attention  during  the  twenty-five  years  in  which  the  agricultural 
experiment  stations  have  been  in  existence  and  accumulated  knowledge 
in  regard  to  vegetable-growing  is  not  available. 

A  greenhouse  survey  should  be  made  in  order  to  obtain  definite  informa- 
tion in  regard  to  greenhouse-building  and  -heating  as  well  as  information 
on  the  crops  grown.  Such  a  survey  would  reveal  the  problems  that 
confront  the  growers  of  various  crops.  It  wotild  be  of  great  value  in 
assisting  those  in  charge  of  the  floricultiu-al  and  vegetable-gardening 
work  to  determine  the  greatest  and  most  important  problems.  This 
has  been  urged  before  and  will  probably  now  be  imdertaken. 

It  is  recommended  that,  in  view  of  the  fact  that  no  department  covers 
the  horticultural  field,  assistance  to  the  home  gardener  be  kept  constantly 
in  mind.  As  soon  as  the  time  of  the  extension  officers  in  any  division 
shall  be  taken  for  work  of  a  commercial  character,  a  second  man  should 
be  appointed  to  work  with  those  who  desire  assistance  in  home  gardening. 
The  latter  is  the  most  extensive  field  in  which  to  work,  and,  from  the 
standpoint  of  the  State  in  seeking  to  aid  its  citizens,  it  is  the  work  most 
worth  while.  A  great  saving  would  result  if  there  were  two  million  home 
vegetable  gardens  in  New  York  State  every  year,  as  there  should  be. 
In  order  to  make  good  home  gardens  of  flowers  and  vegetables  a  reality. 
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reading-course  lessons  should  be  issued,  garden  clubs  formed,  personal 
aid  given  to  civic  improvement  organizations,  women's  dubs,  and  school 
oflScers,  and  correspondence  encouraged. 

VALEDICTORY 

The  development  of  horticulture  in  North  America,  and  particularly 
in  New  York  State,  has  been  so  rapid  and  has  become  so  specialized  on 
the  commercial  side  that  it  has  been  considered  wise  to  separate  the  work. 
Accordingly,  in  1910  a  Department  of  Pomology  was  created  at  the 
College.  The  wisdom  of  this  course  has  been  justified  by  the  results. 
The  death  of  Professor  Craig,  occurring  late  in  the  summer  of  19 12  after 
plans  for  the  year's  work  had  been  made,  caused  the  continuance  of  the 
Department  of  Horticulture  along  former  lines.  As  during  the  illness  of 
Professor  Craig,  the  writer  continued  to  act  as  the  administrative  head 
for  the  year.  The  disintegration  having  commenced,  there  was  no 
sufficient  reason  why  the  remaining  lines  shotild  not  be  separated.  Since 
the  need  of  specialized  instruction  and  the  investigation  of  a  multi- 
plicity of  problems  justifies  a  considerable  staff  giving  their  whole  time 
and  attention  to  their  respective  lines,  a  Department  of  Floriculture  and 
a  Department  of  Vegetable-gardening  have  been  formed  out  of  the 
Department  of  Horticulture,  and  the  latter  has  been  discontinued. 

When  the  horticultural  history  of  the  time  is  written  it  will  record  the 
achievements  of  the  two  distinguished  teachers,  the  only  two  professors 
of  horticulture  to  occupy  that  chair  in  Cornell  University  —  L.  H.  Bailey 
and  John  Craig.  This  report,  therefore,  concludes  the  accomplishments 
and  records  the  passing  of  an  old  and  honorable  department  in  the  New 
York  State  CoUege  of  Agriculture  at  Cornell  University. 

A.  C.  BEAL, 
Assistant  Professor  of  Floriculture. 
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TEACHING 

The  instruction  in  pomology  is  planned  to  meet  the  different  needs  of 
the  students,  and  to  that  end  the  courses  provide  training  for  practical 
work,  for  teaching,  and  for  research.  A  course  in  elementary  pomology 
consisting  of  two  lectures  and  one  recitation,  given  in  the  first  term, 
covers  the  fimdamental  principles.  Following  the  elementary  course  the 
practical  training,  consisting  of  two  lectures  and  one  recitation,  is  given 
in  the  second  term.  Practice  work  is  provided  in  a  laboratory  course, 
which  in  1912-1913  was  given  in  the  f^  term  but  which  will  be  offered 
hereafter  in  tiie  spring  term. 

Additional  work  in  pomology  is  taken  up  by  other  courses.  A  course 
in  advanced  practical  pomology  provides  training  in  the  varieties  of 
different  fruits,  in  judging  work,  and  in  the  preparation  of  plans  for 
planting  and  managing  orchards.  Courses  in  snaall  fruits,  spraying  of 
fruit  trees,  and  systematic  pomology,  each  taking  up  its  partictdar  field, 
prepare  the  student  for  practical  and  experimental  work. 

Hitherto  no  distinction  has  been  made  between  regular  and  special 
students.  The  members  of  the  Department  have  felt,  however,  that 
better  work  could  be  done  if  these  classes  were  separated.  The  courses 
for  1913-1914  provide  for  this  separation. 

The  Department  offered  regular  courses  in  the  Summer  School  for  the 
first  time  this  year.  The  results  were  most  gratifying,  the  registration 
in  each  course  being  large  as  is  shown  below. 

The  number  of  students  registered  in  pomological  courses  during  the 
year  1912-1913  is  as  follows: 


Course 


Subject 


Number  of 
students 
registered 


First 
term 


Second 
tenn 


I. 
la 
2. 

4- 
6. 
6a 
8. 
10. 

14. 


Elementary  Pomology 

Elementary  Pomology  (laboratory) . . 

Practical  Pomology 

Bush  Fruits 

Spraying  of  Fruit  Trees 

Spraying  of  Fruit  Trees  (no  credit). 

Advanced  Practical  Pomology 

Systematic  Pomology 

Seminaxy 


195 
120 


122 
70 
26 
20 


99 


18 
14 
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Course 

Subject 

Number  of 
students 
registered 

First 
term 

Second 
term 

33  (Hort.) . . 

Nuciculture 

14 

Graduates  taking  major 

6 

4 

I 

Graduates  taking  min'^r 

2 

Commercial  Fruit-growing  (Winter  Course) 

424 

287 

60 

^% 

A. 

General  Fruit-growing  (Summer  School) 

'^7 

B 

Small  Fruits  (Summer  School) 

26 

C 

Advanced  Pomology  (Summer  School) 

7 

Total  registration  in  1912-1913,  834. 

123 

INVESTIGATION 

Research  work  in  pomology  was  begun  in  earnest  during  the  year. 
Professor  W.  H.  Chandler  came  to  the  Department  in  August  to  take 
charge  of  the  research  work,  to  which  he  will  devote  his  entire  time. 

Considerable  attention  has  been  given  to  the  care  and  planting  of  new 
orchards.  About  fifty  acres  of  land  on  the  imiversity  farm  has  been  set 
aside  for  pomological  work.  The  planting  is  now  nearly  completed. 
In  connection  with  the  planting  of  these  orchards,  the  first  two  experi- 
ments mentioned  below  were  continued  during  the  summer.  These  are 
long-time  experiments,  extending  over  several  years. 

Variety  tests, —  A  collection  of  varieties  of  each  fruit  is  being  made. 
The  ptirpose  of  this  collection  is  twofold:  first,  to  study  commercial 
varieties  as  regards  hardiness,  productivity,  variability,  and  quality; 
second,  to  study  new  varieties  as  regards  adaptability  to  conditions  in 
New  York. 

The  value  of  selected  scions. —  In  the  case  of  several  varieties  of  apples, 
scions  have  been  selected  from  bearing  trees  which  are  known  to  be 
productive  and  the  fruit  of  which  is  excellent  as  to  type.  Scions  are 
chosen  also  from  the  nursery  row  and  from  trees  the  fruit  of  which  is 
inferior  in  type.    The  products  will  be  compared. 

Irrigation  in  New  York  as  it  affects  the  peach. —  In  cooperation  with 
the  Department  of  Soil  Technology  at  the  College  and  with  W.  E.  Bargar, 
of  Lockport,  an  experiment  was  started  in  the  spring  of  191 2  to  determine 
the  restilts  of  irrigating  a  peach  orchard.    Mr.  Bargar  furnished  the  peach 
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orchard  and  the  money  for  the  irrigating  plant,  which  when  installed 
had  a  capacity  of  four  hundred  gallons  per  minute.  Water  has  been 
applied  at  regular  intervals  during  the  summers  of  1912  and  1913  and  the 
results  are  computed  for  the  summer  of  191 2.  Although  the  orchard 
bore  no  fruit  in  19 13  the  work  of  irrigation  proceeded.  The  experiment 
will  be  continued  for  three  years. 

Irrigation  in  New  York  as  it  affects  the  apple. —  An  experiment  was 
begun  in  a  bearing  apple  orchard  near  Charlotte,  in  cooperation  with  the 
Rochester  Railway  and  Light  Company.  Plats  in  this  orchard  were 
irrigated  at  intervals  during  the  season  of  19 13.  The  experiment  is  to 
be  continued  tmtil  conclusive  results  are  obtained. 

EXTENSION 

During  the  college  year  members  of  the  staff  have  spoken  at  a  large 
number  of  meetings  in  various  parts  of  the  State  and  have  conducted 
other  forms  of  extension  activities.  The  extension  work  of  the  Depart- 
ment embraced  the  following:  speeches  (granges,  associations,  field),  45; 
farm  inspections  and  demonstrations  of  practical  work  (pruning,  spray- 
ing, and  the  like),  25 ;  miscellaneous  activities  (State  Fair  and  county  fairs, 
judging  work,  and  the  like),  14. 

Each  year  a  fruit  exhibit  is  held  at  the  College,  both  for  the  education 
of  the  students  in  the  Department  and  in  order  that  the  public  may 
obtain  an  idea  of  the  practical  nature  of  the  work  required  of  the  students. 

The  Department  is  prepared  to  send  a  member  to  inspect  fruit  farms 
and  advise  the  owners  whenever  time  permits.  The  cost  of  such  an 
inspection  is  the  actual  expense  involved  in  making  the  trip.  In  addition, 
the  Department  will  be  glad  to  arrange  a  pruning  and  spraying  demonstra- 
tion in  any  commimity  where  there  is  sufficient  demand  for  such  work. 
Experienced  fruit  judges  will  be  provided  for  grange  and  county  exhibits. 
A  talk  on  the  selection  of  fruit  for  exhibition  purposes  may  well  be  given 
in  conjunction  with  the  judging  of  the  fruit.  Requests  for  speakers  at 
various  meetings  will  be  met  as  far  as  possible.  Finally,  the  Depart- 
ment wishes  to  encourage  inquiries  by  mail  concerning  those  problems 
that  can  be  solved  without  a  personal  inspection.  Such  correspondence 
will  be  given  prompt  attention  and  careful  consideration  with  a  view  to 
making  the  replies  accurate,  complete,  and  practical. 

RECOMMENDATIONS 

There  is  pressing  need  for  satisfactory  storage  space.  The  only  storage 
available  is  a  small  room  in  the  basement  of  the  Dairy  Building.  Not 
only  is  this  too  small,  but  it  is  impossible  to  reduce  the  temperature  in 
the  room  sufficiently  to  preserve  fruit.    A  mechanical  storage  with  one 
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large  room  (one  thousand  barrels  capacity)  and  several  smaller  rooms 
for  experimental  work  is  needed.  It  will  be  necessary  in  the  immediate 
future  to  provide  a  packing  house  and  bam  on  the  pomology  grounds, 
and  in  connection  with  these  buildings  a  residence  for  the  foreman  of  the 
grounds. 

The  need  of  a  laboratory  for  graduate  students  is  pressing.  At  the 
present  time  there  are  several  graduate  students  in  the  Department, 
but  there  is  no  place  where  they  can  work  without  interruption. 

C.  S.  WILSON, 

Professor  of  Pomology. 
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HISTORICAL 

A  professional  course  in  forestry  was  opened  by  the  Department  of 
Forestry  at  the  beginning  of  the  college  year  1912-19x3.  The  establish- 
ment of  this  professional  course  was  not  an  afterthought  in  the  history 
of  the  development  of  the  Department.  On  the  contrary,  Director 
Bailey  had  had  in  mind  for  several  years  the  giving  of  professional  instruc- 
tion when  the  Department  should  be  organized;  and  in  the  first  letter 
that  he  wrote  to  the  present  head  of  the  Department  regarding  the  taking 
of  the  professorship  of  forestry  at  Cornell,  dated  October  13,  19 10,  he 
says:  "  I  want  to  reach  the  farm  forest  situation  in  the  State  as  a  part 
of  oiu"  regular  work.  I  want  at  the  same  time  to  train  professional 
foresters,  and  I  think  that  the  facilities  will  be  got  for  it.**  In  the  reply 
to  that  letter,  dated  October  15,  1910,  the  following  statement  is  made: 
"  The  two  lines  of  effort  (help  for  the  farm  woodlot,  and  the  training 
of  professional  foresters)  which  you  outline  for  the  future  forestry  depart- 
ment are  both  vital.  And  I  hope  that  Cornell  will  soon  be  able  to  add 
a  third  very  important  line  of  forest  work  —  a  thoroughly  equipped 
forest  experiment  station  at  Ithaca,  as  a  part  of  the  Agricultural  Experi- 
ment Station.'* 

On  November  4,  19 10,  Director  Bailey  told  the  writer  that  he  would 
nominate  him  for  the  position  of  professor  of  forestry,  a  position  that 
had  been  established  by  the  Board  of  Trustees  in  the  preceding  stmimer. 
The  writer  immediately  suggested  that  Professor  Roth,  the  head  of  the 
Department  of  Forestry  at  the  University  of  Michigan,  be  asked  to  come 
to  Cornell  as  head  of  the  Department  and  start  the  professional  course 
at  once.  Director  Bailey  agreed  to  the  plan  and  said  he  would  do  his 
best  to  carry  it  through  at  once  if  Professor  Roth  would  agree  to  come. 
On  November  6,  1910,  Professor  Roth  promised  to  come,  and  on  the  fol- 
lowing day  our  provisional  plans  for  giving  a  professional  forestry  course 
were  completed,  lacking  only  the  appointments  by  the  Board  of  Trustees. 

The  writer's  appointment  as  professor  of  forestry  was  made  on  Decem- 
ber 17,  1 9 10.  The  other  plans  for  the  full  development  of  a  professional 
forestry  course  were  necessarily  postponed  because  of  lack  of  funds,  and 
it  was  not  tmtil  January,  191 2,  that  it  was  publicly  announced  that 
Professor  Roth  expected  to  come  to  Cornell. 

Because  it  had  been  necessary  to  postpone  the  obtaining  of  a  faculty 
and  equipment  for  teaching  professional  students,  it  was  annoimced  that 
during  the  college  year  1911-19x2  no  professional  instruction  would  be 
given.  This  announcement  was  made  in  a  mimeographed  circular  dated 
August  14,    19 II,  which  was  used  in  answering  correspondents.    The 
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circular  states:    "  The  courses  in  forestry  to  be  given  the  present  year 

are  not  planned  for  students  intending  to  make  forestry  a 

profession,  and  do  not  lead  to  a  forestry  degree."    The  organization  of 
professional  instruction  was  postponed,  not  abandoned. 

In  January,  191 2,  the  Department  began  writing  to  prospective  students 
that  the  professional  course  would  open  in  the  fall  of  1 9 1 2 .  The  Announcer 
of  the  College  of  Agriculture  for  February,  191 2,  stated  that  Professor 
Roth  was  to  come  to  Cornell,  and  the  issue  for  March,  191 2,  annotmced 
the  five-years  professional  forestry  course.  A  little  later  Professor  Roth 
decided  to  remain  at  the  University  of  Michigan.  The  writer  therefore 
continued  in  charge  of  the  Department  at  Cornell  and  made  the  detailed 
plans  for  the  professional  coiu-se. 

paculty 
The  faculty  of  last  year  (consisting  of  Professor  Walter  Mulford  and 
Assistant  Professor  John  Bentley,  jr.)  was  continued,  and  diuing  the 
year  two  full  professors  were  added  —  Professor  S.  N.  Spring,  who  came 
to  Cornell  at  the  beginning  of  the  college  year  in  September,  191 2,  and 
Professor  A.  B.  Recknagel,  who  began  his  work  on  February  i,  1913. 

equipment 

Ground  was  broken  for  the  Forestry  Building  in  the  fall  of  1912.  Con- 
struction was  commenced  in  the  spring  of  19 13  and  is  making  satisfactory 
progress.  In  the  spring  of  19 13  the  State  appropriated  $20,000  for 
equipping  the  Forestry  Building. 

During  the  year  a  new  tract  of  university  land,  suitable  for  forest 
plantations,  was  placed  in  charge  of  the  Department.  This  comprises 
about  150  acres  of  open  land  aroimd  the  proposed  reservoir  site  near 
Varna.  A  small  woodlot,  purchased  during  the  year,  has  also  been  added 
to  the  previous  equipment  of  woodlots.  The  forest  nursery  has  been 
somewhat  enlarged,  and  the  collection  of  demonstration  material  for 
classroom  use  is  progressing  steadily. 

In  February  the  Department  moved  from  fts  previous  quarters  in  the 
basement  of  the  Main  Building,  to  the  Home  Economics  Building,  where 
the  Department  of  Home  Economics  has  courteously  loaned  it  the  use 
of  three  oflBces,  a  laboratory,  and  a  classroom. 

teaching 
Seventeen  courses  of  instruction  were  given  during  the  year,  as  follows: 
first  term,  seven;  second  term,  seven;  Winter  Course,  one;  Simimer  School, 
two. 
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The  ntunber  of  students  registered  in  these  courses  was  as  follows: 


Course 


Subject 


Term 


Number 

of  hours 

credit 


Number 

of  students 

registered 


I 
I 

2 

3 
6 
8 

9 
II 

13 

15 

I6 

l8 
19 

l6. 
A. 
B 


Farm  Forestry 

Farm  Forestnr 

Elements     of     Forestry:      Mensuration, 

Utilization,  and  Management 

Elements  of  Forestry:    Silviculture 

The  Field  of  Forestry 

Wood  Technology 

Forest  Utilization 

Forest  Mensuration 

Timber  Trees  and  Forest  Regions 

Silviculture:    Forest  Ecology 

Silviculture:     Natural  Reproduction  and 

Care  of  the  Forest 

Silviculture:      Forest    Planting    and    the 

Forest  Nursery 

Forest  Protection 

Forest  Policy,  Forest  Law,  and  History  of 

Forestry 


Total. 


Farm  Forestry  (Winter  Course) 

The  Farm  Woodlot  (Summer  School)  . . 
Forests  and  Forestry  (Stunmer  School) . 


Total  (all  courses). 


39 


43 
37 

56 
77 
32 

13 
23 
17 


35 
24 


412 

47 

6 

16 


481 


One  student  received  the  degree  of  Master  in  Forestry  in  June,  19 13  — 
this  being  the  first  advanced  degree  in  forestry  that  has  been  awarded 
at  Cornell. 

The  number  of  freshmen  who  entered  for  the  professional  forestry 
course  is  not  known,  as  these  students  take  the  regular  course  prescribed 
for  all  freshmen  in  the  College  of  Agricultiu-e  and  do  not  need  to  report 
to  the  Department  of  Forestry  imtil  the  beginning  of  the  sophomore 
year.  In  this  first  year  of  professional  instruction,  forty-three  students 
entered  the  five-years  professional  course  with  advanced  standing  (as 
sophomores,  juniors,  seniors,  and  graduate  students). 

INVESTIGATION 

Over  thirty  acres  of  experimental  and  demonstration  plantations  (forty 
thousand  trees)  were  planted  on  land  assigned  to  the  Department.     Experi- 
ments started  in  the  nursery  during  the  year  include  tests  of  the  effects 
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of  density  of  stand  in  coniferotis  seed  beds;  tests  of  the  best  age  at  which 
to  transplant  coniferous  seedlings;  and  attempts  to  root  various  tree 
species  from  cuttings.  Work  was  begun  on  two  experiments  in  thinning 
in  timberland,  and  on  two  experiments  in  natural  reproduction  of  the 
forest.  Two  permanent  silvicultural  sample  plots  were  established  near 
Ithaca. 

extension 

As  yet  the  Department  has  never  had  a  member  of  its  staff  especially 
employed  for  extension  work,  nor  one  who  has  been  free  to  devote  much 
time  to  that  work.  However,  the  following  extension  work  was  done 
by  various  members  of  the  departmental  staflE  during  the  year  1912-1913, 
at  such  times  as  they  could  find  to  devote  to  the  work  without  detriment 
to  their  regular  task  of  teaching. 

Seven  lectures  on  forestry  were  given  outside  of  Ithaca.  Fourteen 
lectures  on  forestry  were  given  at  Ithaca  during  Farmers'  Week,  and  a 
departmental  exhibit  was  shown.  The  second  and  third  lessons  were 
published  in  the  Farm  Forestry  Series  of  the  Cornell  Reading-Course 
for  the  Farm.  Fourteen  examinations  of  forest  land  were  made  for  private 
owners  in  accordance  with  the  standing  offer  to  make  an  examination  of 
woodland  or  of  land  to  be  planted,  the  only  expense  to  the  owner  for  the 
examination  and  for  a  report  being  the  necessary  traveling  expenses  of 
the  Department's  representative.  Exclusive  of  circular  letters  the  depart- 
mental correspondence  nimibered  three  thousand  letters,  many  of  which 
were  in  connection  with  extension  work.  The  Department  had  an  exhibit 
at  the  State  Fair,  with  three  men  in  charge.  The  same  exhibit  was  sent 
to  the  Rochester  Industrial  Exposition. 

RE  COMMENDATION 

The  Department  has  urgent  need  of  a  tract  of  several  thousand  acres  of 
forest  land.  Such  a  college  forest  is  needed  (i)  as  a  forest  experiment 
station;  (2)  as  a  demonstration  forest,  for  the  purpose  of  illustrating  the 
various  possible  methods  of  managing  forest  lands;  (3)  as  a  place  in  which 
to  give  forestry  students  a  thorough  drill  in  woodsmanship  and  in  working 
at  various  practical  operations  in  the  forest. 

In  order  to  be  really  efficient,  a  coUege  forest  should  include  non-agri- 
cultural open  lands  suitable  for  reforesting,  second-growth  timber  of 
various  ages,  and  some  tracts  of  mature  timber  that  could  be  gradually 
harvested  in  order  to  illustrate  logging  methods.  A  satisfactory  tract 
with  all  these  conditions  represented  cannot  be  procured  for  less  than 
$75,000. 

WALTER  MULFORD, 

Projessor  oj  Forestry, 
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DEPARTMENT  OF  ENTOMOLOGY 

TEACHING 

The  courses  of  lectures  and  of  laboratory  work  were  given  as  listed 
in  the  Announcement  of  the  College,  and  were  weU  attended. 

There  was  a  marked  increase  in  the  number  of  students  in  the  Depart- 
ment. The  total  number  of  registrations  in  classes  during  the  first  term 
of  the  year  was  1437,  of  which  1357  were  by  undergraduates  and  80  by 
graduate  students.  Of  these  registrations  605  were  in  General  Biology; 
466  in  The  Farm;  179  in  General  Entomology;  63  in  Animal  Parasites 
and  Parasitism;  and  124  in  more  advanced  courses. 

Since  many  students  took  more  than  one  course,  the  number  of  students 
taking  work  in  the  Department  was  considerably  less  than  the  total  number 
of  registrations;  the  number  of  students  was  about  975. 

INVESTIGATION 

The  investigations  conducted  by  members  of  the  departmental  staff, 
and  by  advanced  students  imder  the  direction  of  the  staff,  include  a  wide 
range  of  subjects.  Reference  will  here  be  made  only  to  those  that  have 
been  completed  and  the  results  published  since  the  last  aimual  report. 
The  more  important  of  these  are  the  following: 

J.  H.  Comstock.    The  silk  of  spiders.     Proceedings  of  the  Second  Ento- 
mological Congress,  Oxford,  191 2. 

W.  A.  Riley.     Notes  on  animal  parasites  and  parasitism. 

W.  A.  Riley.     Concurrent  infection  by  five  species  of  intestinal  worms, 
including  Schistosoma  mansoni.     Science  n.  s.  36  :  531-532. 

W.  A.  Riley.     Some  remarkable  discoveries  regarding  a  common  house- 
hold insect.     Science  n.  s.  36  :  865-866. 

W.  A.  Riley.     Some  sources  of  laboratory  material  for  work  on  the  rela- 
tions of  insects  to  disease.    Ent.  news  24  :  172-175. 

W.  A.   Riley.     The  so-called  aerostatic  hairs  of  certain  lepidopterous 
larvae.    Science  n.s.  37  :  715-716. 

W.  A.  Riley.     Buchner*s  studien  an  intracellularen  symbionten.    Science 
n.s.  38 :  233-234. 

Glenn  W.  Herrick.    The  larch  case-bearer.    Cornell  Univ.  Agr.  Exp.  Sta. 
Bui.  322:37-56. 

Glenn  W.  Herrick.    Control  of  two  elm-tree  pests.    Cornell  Univ.  Agr. 
Exp.  Sta.    Bui.  333  1489-512. 

C.  R.  Crosby.     Notes  on  Syntomaspis  druparum  Boh.  and  Ichneumon 
nigricornis  Berger.    Canadian  ent.  44  :  365. 
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C.  R.  Crosby.    The  egg-laying  habits  of  Adoxus  vitis  in  France.     Joum 

econ.  ent.  5  :  384. 
C.  R.  Crosby.    The  egg  of  the  blackberry  leaf-miner.    Joum.     econ. 

ent.  5 :  403. 

C.  R.  Crosby.    A  revision  of  the  North  American  species  of  Megastigmus 
Dabnan.     Ent.  Soc.  Amer.     Ann.  6  :  150-170. 

J.  C.  Bradley.     The  Siricidae  of  North  America.    Joum.  ent.  and  zool. 

5:1-35. 
G.  C.  Embody.    Crustacea.    A  key  to  the  common  genera  occurring  in 

fresh  water  of  the  eastern  United  States. 
G.  C.  Embody.     Reviews  of  American  fish  cultiu-al  papers.     Oesterreiche 

fischerei  zeitung,  January,  June,  and  July,  19 13. 
O.  A.  Johannsen.     Fungus  gnats  of  North  America,  Part  4.    Maine  Agr. 

Exp.  Sta.     Bui.  200. 
O.  A.  Johannsen.    A  tertiary  fungus  gnat.     Amer.  joum.  sci.  34 :  140. 
O.  A.  Johannsen.     Spruce  bud-worm   and  spruce     leaf-miners.     Maine 

Agr.  Exp.  Sta.     Bui.  210. 
O.  A.  Johannsen.     Potato  flea-beetle.     Maine  Agr.  Exp.  Sta.     Bui.  211. 
O.  A.  Johannsen.     Macrobrachtus  in  America.     Ent.  news  25  :  228. 
Robert  Matheson.     The  Haliplidae  of  North  America.    New  York  Ent. 

Soc.    Joum.  20  :  156-193. 
John  Thomas  Lloyd.     Coca,   **  the  divine  plant  of  the  Incas."    Amer. 

Pharm.  Ass.    Joum.  1913  : 3-14. 
J.  F.  lUingworth.     A  study  of  the  biology  of  the  apple  maggot  {Rhagoletis 

pomonella) ,  together  with  an  investigation  of  methods  of  control.    Cornell 

Univ.  Agr.  Exp.  Sta.     Bui.  324  :  125-188. 
J.  F.  Illingworth.    Cherry  fruit-flies  and  how  to  control  them.    Cornell 

Univ.  Agr.  Exp.  Sta.     Bui.  325  :  189-204. 

D.  E.  Fink.    The  asparagus  miner  and  the  twelve-spotted  asparagus 
beetle.    Comell  Univ.  Agr.  Exp.  Sta.     Bui.  331  :  409-436. 

C.  P.  Alexander.    Fifteen  papers  on  crane-flies,  Tipulidae,  in  entomo- 
logical journals. 

EXTENSION 

The  extension  work  of  the  Department  during  the  past  year  has  been 
conducted  by  Professors  Herrick  and  Crosby.  Nimierous  visits  were 
made  to  farms,  and  consultations  were  held  with  the  owners  in  regard 
to  the  control  of  insect  pests.  An  exhibit  of  injurious  insects  was  made  at 
meetings  of  the  state  horticultural  societies,  at  the  State  Fair,  and  at  several 
coimty  fairs.  This  exhibit  shows  the  various  stages  of  the  more  important 
insect  pests  and  the  natiu^  of  the  injury  produced;  the  method  of  control 
also  is  briefly  indicated.  A  representative  of  the  Department  always 
accompanies  the  exhibit  and  is  available  for  consultation  with  persons 
interested. 
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RECOMMENDATIONS 

As  stated  in  the  departmental  report  of  last  year,  the  time  has  come 
when  it  is  impossible  to  conduct  the  work  of  the  Department  in  a  satis- 
factory manner  in  the  rooms  at  its  disposal.  Nearly  one  thousand 
students  are  now  taking  work  in  the  Department,  and  many  of  these  are 
taking  two  or  more  coiu-ses.  The  writer  therefore  recommends  that 
steps  be  taken  to  secure  the  erection  of  the  proposed  building  for  this 
Department  at  the  earliest  possible  moment. 

It  is  recommended  also  that  provision  be  made,  as  soon  as  practicable, 
for  establishing  courses  in  bee-keeping.  This  important  phase  of  ento- 
mological work  is  entirely  ignored  by  the  educational  institutions  and 
experiment  stations  of  the  State.  There  are  thirty  thousand  bee-keepers 
in  the  State  and  the  value  of  the  annual  production  of  honey  is  over  two 
million  dollars;  it  might  be  made  much  more.  There  is  a  strong  Bee- 
Keepers'  Association  in  the  State.  The  students  of  the  College  have 
asked  for  instruction  in  this  branch  of  entomology,  which  is  undoubtedly 
a  legitimate  and  important  field  of  work. 

J.  H.  COMSTOCK, 

Professor  of  Entomology. 
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DEPARTMENT  OP  DAIRY  INDUSTRY 

TEACHING 

Regular  courses. —  One  new  course  has  been  added  to  the  work  of  the 
Department  during  the  past  year.  This  is  Coiu-se  21,  Dairying  for  the 
Parm  Home,  designed  for  students  in  home  economics. 

The  total  number  of  regular  and  special  students  who  took  work  in  the 
Department  during  both  semesters  was  680.  These  students  were  dis- 
tributed in  the  different  courses  as  follows: 


Courfe 


Subject 


Number  of 
Btudenta 


I 

2 

3 
4 
6 

7 
8 

9 
10 
12 
13 
14 
15 
16 
18 

19 
21 


Milk  Ck)mposition  and  Tests  (given  both  semesters) 

Butter-making 

Cheese-making 

Elementary  Bacteriology 

Market  Milk  and  Milk  Inspection 

Advanced  Testing 

Dairy  Bacteriology 

Advanced  Butter-making 

Pancy-cheese  and  Ice-cream  Making 

Seminar  (given  both  semesters) 

Research  (given  both  semesters) 

General  Agricultural  Bacteriology 

Bacteriology  for  the  Home  (for  students  in  home  economics) 
Milk  Composition  and  Tests  (for  special  students  only)  . . . 

Butter-making  (for  special  students  only) 

Advanced  Cheddar-cheese  Making 

Dairying  for  the  Parm  Home  (for  students  in  home  economics) 
Graduate  students 

Total 


^33 
34 
18 

39 
122 

13 
15 
14 
13 
23 
15 
36 

35 
22 

13 
4 
6 

25 


680 


This  is  an  increase  of  24  per  cent  for  this  year  over  the  students  enrolled 
last  year. 

Winter-course  instruction. —  There  were  87  students  enrolled  this  year 
in  the  regular  twelve-weeks  Winter  Course  in  Dairy  Industry.  In  addition 
to  these,  loi  students  in  general  agriculture  elected  the  course  in  farm 
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dairying.  This  makes  a  total  of  i88  winter-course  students  who  took 
work  in  the  Department;  and  this  number,  added  to  the  680  regular  and 
special  students,  makes  a  grand  total  of  868  students  in  the  Department 
during  the  past  year. 

Creamery-managers'  course. —  This  course,  lasting  for  one  week,  is 
designed  only  for  those  who  are  managers  of  dairy  plants  and  who  have 
had  considerable  experience  in  dairy  work.  Entrance  to  the  course  pre- 
supposes a  fimdamental  knowledge  of  the  principles  underlying  dairy 
industry.     Nine  men  were  registered  in  this  course  last  year. 

Summer  session, —  Only  one  course  was  given  during  the  summer  session 
this  year.  This  coiu-se  was  the  one  corresponding  with  course  i,  given 
during  the  regular  college  year.  Seventeen  students  were  enrolled. 
Another  general  course  in  dairying  was  scheduled,  but,  due  to  a  conflict 
with  chemistry,  so  few  students  registered  for  it  that  it  was  abandoned. 

Changes  in  departmental  staff. —  The  following  changes  took  place  at 
the  beginning  of  the  fiscal  year,  October  i,  1912:  H.  E.  Ross,  advanced 
from  Assistant  Professor  to  full  Professor;  H.  C.  Troy,  appointed  full 
Professor;  H.  M.  Pickerill,  advanced  from  Assistant  in  Butter-making  to 
Instructor  in  Dairy  Bacteriology;  T.  J.  Mclnemey,  advanced  from  Assist- 
ant to  Instructor;  Miss  Elizabeth  F.  Genung,  appointed  Assistant  in 
Dairy  Bacteriology. 

During  the  winter  W.  L.  Markham  was  employed  to  assist  in  the 
extension  schools. 

INVESTIGATION 

The  investigative  work  conducted  by  the  Department  during  the  past 
year  is  as  follows: 

1.  Cauhtesting-association  work. —  This  is  a  continuation  of  the  work 
outlined  in  previotis  reports.  The  Cow-testing  Association  is  prosperous 
and  is  beginning  to  show  results  in  that  better  cows  are  being  kept  by 
patrons  of  the  Department.  There  is  not  an  increase  over  last  year  in 
the  number  of  cows  in  the  association,  but  there  is  a  healthy  interest  in 
the  work  of  the  association  and  it  is  recommended  that  the  work  be  con- 
tinued. It  is  to  be  hoped  that  when  the  poor  cows  now  in  the  various 
herds  are  disposed  of  and  better  ones  take  their  place,  the  good  cows  will 
form  a  basis  for  building  up  larger  and  better  herds. 

2.  Market-milk  inspection. —  This  work  is  done  in  cooperation  with  the 
dty  board  of  health;  its  object  is  to  improve  the  city  milk  supply  of 
Ithaca.  The  work  is  of  great  value  to  the  Department,  keeping  it  in 
touch  with  milk-inspection  work  and  furnishing  valuable  data  for  teaching 
this  branch  of  dairy  industry. 

3.  Publications. —  Dtiring  the  past  year  the  following  experiment  station 
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bulletins  and  reading-course  lessons  have  been  published  by  members  of 
the  Department: 

W.  W.  Fisk.    A  study  of  some  factors  influencing  the  yield  and  the 
moisture  content  of  cheddar  cheese. 

Lois  W.  Wing.     Milking  machines :  their  sterilization  and  their  efficiency 
in  producing  clean  milk. 

E.  S.  Guthrie  and  W.  W.  Fisk.    Propagation  of  starter  for  butter- 
making  and  cheese-making. 

H.  E.  Ross.     Composition  of  milk  and  some  of  its  products. 

The  following  bulletins  are  in   press  and   will  soon  be  ready   for 
distribution: 

E.  S.  Guthrie  and  H.  E.  Ross.  Distribution  of  moisture  and  salt  in 
butter. 

H.  E.  Ross  and  T.  J.  Mclnemey.  The  Babcock  test,  with  special  refer- 
ence to  testing  cream. 

The  following  pieces  of  investigative  work  are  near'  -  finished  and  will 
soon  be  in  shape  to  offer  for  publication: 

Methods  of  making  some  of  the  fancy  cheeses. 

Evaporation  of  water  from  print  butter  in  storage. 

Metallic  flavor  in  butter. 

The  following  pieces  of  investigative  work  are  being  conducted  by 
various  members  of  the  Department.  Probably  the  results  of  some  of 
these  will  be  ready  for  publication  sometime  during  the  coming  flscal 
year;  others  may  require  more  than  one  year  of  work  for  their  completion: 

Comparative  methods  of  cooling  milk. 

The  comparison  of  presumptive  tests  for  Bacillus  colt  in  milk. 

The  bacteria  of  spoiled  canned  peas  and  beans. 

A  quantitative  test  for  water  in  cheese. 

A  study  of  the  composition  of  buttermilk. 

Factors  affecting  the  richness  of  cream  from  hand  separators. 

extension 

The  cow-testing-association  work  may  be  included  under  the  head  of 
extension  as  well  as  under  investigation.  It  partakes  of  the  nature  of 
both.  It  is  of  the  nature  of  extension  work  in  that  the  Department  is 
endeavoring  to  aid  dairymen  to  eliminate  poor  cows  from  their  herds. 

The  extension  instructor  for  the  Department,  H.  L.  Ayres,  has  visited 
about  the  same  number  of  dairy  plants  and  of  winter-course  students  as 
he  did  in  the  previous  year.  This  branch  of  the  extension  work  of  the 
Department  is  very  important.  It  enables  the  Department  to  keep  in 
touch  with  its  former  students  and  help  them  out  of  many  of  their  diffi- 
culties, thereby  making  them  more  efficient  and  more  of  a  credit  both  to 
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themselves  and  to  the  Department.  During  the  past  fiscal  year,  twenty 
addresses  were  given  by  various  members  of  the  Department  before  dairy 
meetings  and  fanners'  meetings.  In  addition  to  this,  W.  L.  Markham 
attended  eleven  extension  schools  and  gave  instruction  in  dairy  work. 
Six  fairs,  including  the  State  Fair,  were  attended,  with  an  exhibit, 
by  different  members  of  the  Department,  and  the  Department  was 
represented  with  an  exhibit  at  the  State  Dairymen's  Convention. 

Educational  scoring  of  dairy  products, —  This  work  has  been  continued 
the  same  as  in  previous  years.  Butter-  and  cheese-makers  and  milk- 
producer^  in  any  part  of  New  York  State  may  send  samples  of  their  prod- 
ucts to  the  Department  once  each  month,  tb  be  scored  for  quality.  Certain 
detailed  reports  are  required  of  those  sending  such  samples.  The  Depart- 
ment also  requires  its  former  winter-course  students  who  are  working  for 
a  Certificate  of  Proficiency  to  send  twelve  consecutive  monthly  samples 
of  their  product,  for  scoring.  This  has  two  or  three  advantages:  it 
enables  us  to  select  those  who  really  are  deserving  of  a  Certificate  of 
Proficiency,  and  also  to  help  our  former  students  to  improve  the  quality 
of  their  product. 

Correspondence, —  Dimng  the  past  year  over  six  thousand  letters  have 
been  written  by  members  of  the  Department,  and  no  small  part  of  these 
may  be  classed  under  extension  work.  The  Department  is  constantly 
in  receipt  of  letters  from  all  parts  of  the  State,  asking  questions  concerning 
the  business  of  dairying.  These  letters  are  from  cheese  factories,  butter 
factories,  market-milk  plants,  and  milk-producers,  and  the  Department 
feels  that  by  careful  response  much  good  is  accomplished. 

re  commendations 

One  general  recommendation  for  the  Department  of  Dairy  Industry 
is  that  it  be  furnished  with  more  room  in  which  to  carry  on  its  work. 
This  is  true  of  every  branch  of  the  Department.  The  course  in  dairy 
bacteriology  is  especially  crowded,  and  much  difficulty  is  experienced  in 
furnishing  our  graduate  students  with  sufficient  room  in  which  to  carry 
on  their  special  problems.  There  is  need  of  special  apparatus  for  teaching 
the  condensing  of  milk,  and  it  is  to  be  hoped  that  both  room  and  machinery 
for  this  work  can  be  furnished  sometime  in  the  near  future.  This  branch 
of  work  is  of  constantly  growing  importance  in  dairy  industry.  Facilities 
for  manufacturing  milk  sugar  and  casein  are  also  needed. 

W.  A.  STOCKING,  Jr., 

Professor  of  Dairy  Industry. 
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TEACHING 

The  following  table  shows  the  registration  in  the  various  courses  in 
this  Department  for  the  two  terms: 


Course 


Subject 


Number  of  students 
registered 


First 
term 


Second 
term 


I 

2 

5 

10 

II 

15 
i6 

17 
I. 

2., 

A. 
B. 


Principles  and  Practice  of  Feeding  Animals . 

Principles  of  Animal  Breeding 

The  Horse 

Dairy  Cattle 

Beef  Cattle,  Sheep,  and  Swine 

Advanced  Course  in  Principles  of  Feeding. 
Advanced  Course  in  Principles  of  Breeding. 
Advanced  Stock  Judging 


Feeds  and  Feeding  (Winter  Course) 

Breeds  and  Breedmg  (Winter  Course) 

Principles    and    Practice    of    Feeding    Animals 

([Summer  School) , 

Principles  of   Animal   Breeding,   and   Elemen 

tary  Judging  (Summer  School) 


Total  number  receiving  instruction,  1518 


155 
151 


23 

15 


14 
25 


383 


333 
121 

22 

20 


496 


264 

213 

86 


48 
13 
15 


639 


The  students  registering  in  the  various  classes,  in  the  main,  made  very 
satisfactory  progress.  The  number  of  failures  was  smaller  than  in  pre- 
vious years. 

INVESTIGATION 

The  investigative  work  of  the  Department  is  largely  of  a  continuous 
nature,  the  more  important  subjects  indicated  in  the  report  made  to  the 
Director  one  year  ago  having  been  continued  although  it  has  not  seemed 
wise  to  publish  any  results  in  bulletin  form.  For  the  coming  year,  in 
addition  to  those  topics  already  imder  investigation,  it  is  planned  to 
make  some  careful  experiments  along  the  line  of  the  possibility  of  rearing 
and  developing  a  calf  imder  conditions  where  milk  is  not  available  or  is 
available  only  in  limited  quantities. 

Ixc] 


Digitized 


by  Google 


Dbpartmbnt  of  Animal  Husbandrt 


xa 


EXTENSION 

The  extension  work  of  the  Department  has  been  rather  large  in  amount, 
although  a  special  officer  for  this  work  was  available  for  only  a  part  of 
the  year.    The  Department  was  represented  in  a  large  proportion  of 
extension  schools;  and  six  district  and  county  fairs,  in  addition  to  the  State 
Fair,  were  furnished  with  exhibits.     About  fifty  lectures  were  given  and 
meetings  attended  by  members  of  the  staff  of  the  Department.    An 
important  part  of  the  extension  work  of  the  Department  is  in  the  supervi- 
sion of  the  records  of  pure-bred  cattle.      Diuing  the  past  year  official 
records  of  2313  Holstein  cows  were  supervised  continuously  for  seven  or 
more  days;  these  represented  about  foiu"  himdred  owners,  scattered  in  all 
p>arts  of  the  State.     In  addition,  stated  monthly  inspections  of  two  days 
each  were  made  for  fifty  owners,  representing  the  Ayrshire,  Brown  Swiss, 
Devon,  Guernsey,  Holstein,  and  Jersey  breeds.    At  the  present  time  the 
records  of  516  cows  are  being  supervised  in  this  way,  distributed  among 
the  various  breeds  according  to  the  following  table: 


Breed 

Number 

of 
owners 

Number 

of 

cows 

Ayrshire 

10 

2 
I 

II 
13 
13 

'1 

Brown  Swiss 

Devon 

6 

Guernsey 

88 

Holstein 

73 
199 

Tersev 

Total 

50 

516 

The  appointment  of  Professor  H.  A.  Hopper  as  extension  teacher  in 
animal  husbandry  is  expected  to  materially  strengthen  the  work  of  the 
Department  for  the  ensuing  year. 

R£  COMMENDATIONS 

The  completion  of  the  new  buildings  for  the  Department  will  greatly 
increase  the  facilities  for  the  work  and  will  make  possible  development 
along  lines  of  work  that  have  hitherto  lain  dormant.  The  work  in  sheep 
and  swine  husbandry  should  be  materially  strengthened,  both  in  increasing 
the  herds  and  flocks  and  in  providing  instructors;  and  it  will  be  necessary 
to  provide  additional  instruction  in  the  farm  curing  of  meats,  which  will 
require  the  services  of  a  trained  expert. 

H.  H.  WING, 
Professor  of  Animal  Husbandry, 


Digitized 


by  Google 


DEPARTMENT  OF  POULTRY  HUSBANDRY 

The  work  of  the  Department  falls  naturally  into  four  distinct  divisions 
— teaching,  investigation,  extension,  and  administration.  It  has  been  the 
policy  of  the  Department  to  endeavor  to  develop  these  four  divisions 
equally;  that  is  to  say,  approximately  one  fourth  of  the  money  and  effort 
has  been  put  into  each  division.  It  is  believed  that  in  this  way  the  most 
efficient  work  for  the  State  can  be  accomplished. 

INSTRUCTION 

This  year,  for  the  first  time,  the  Department  has  been  able  to  occupy 
the  new  Poultry  Husbandry  Building.  As  a  result  of  the  improved 
facilities,  there  has  been  a  marked  increase  in  the  number  of  students 
taking  courses  in  Poultry  Husbandry.  This  is  shown  in  the  following 
table,  which  gives  the  nimiber  of  imiversity  hours  taught  each  year  from 
1903  to  19 13  inclusive: 


1903- 
1904 

1904- 
1905 

190S- 
1906 

1906- 
1907 

1907- 
1908 

1908- 
1909 

1909- 
1910 

1910- 
191 1 

1911- 
1912 

1912- 
I913 

Regular      and      special 
courses 

74 

339 

158 

474 

527 

589 

329 

620 

915 

1.477 

Winter  Poultry  Course. 

225 

S40 

690 

690 

780 

82s 

810 

82s 

2,124 

Winter  Courses,  elective. 

54 

60 

80 

64 

66 

62 

66 

108 

120 

196 

Summer  School 



33 

I6S 

Total 

128 

624 

778 

1,228 

1.283 

1. 431 

1,220 

1.S38 

1.893 

3,962 

It  will  be  seen  that  this  year  there  has  been  an  increase  over  last  year 
of  2069  university  hours  taught  —  an  increase  of  109  per  cent. 

The  number  of  students  taking  various  courses  in  poultry  husbandry 
in  1911-1912  and  in  1912-1913  was  as  follows: 


Regular  and  special  students 

Winter  Course  in  Poultry  Husbandry 

Students  in  other  winter  courses  electing  poultry  husbandr>'. 
Summer  School 


Total. 
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Owing  to  the  fact  that  the  old  potdtry  plant  was  moved  during  the  year 
to  the  poultry  farm  and  the  new  poultry  plant  in  connection  with  the  new 
building  has  not  been  built,  it  will  be  impossible  to  give  at  present  any 
of  the  practice  coiu^ses  in  feeding,  fattening,  and  brooding. 

The  marked  increase  in  registration  in  poultry  husbandry  is  due  in 
large  measure  to  two  causes:  (i)  this  year,  for  the  first  time,  the  Depart- 
ment has  been  able  to  offer  suitable  facilities  as  regards  buildings  and 
equipment;  and  (2)  because  of  these  new  faciUties,  it  was  possible  to 
give,  for  the  first  time,  a  three-hours  course  in  farm  poultry,  and  to  accept 
118  students  in  the  Winter  Course. 

The  Department,  this  year  as  heretofore,  has  laid  special  stress  on  the 
importance  of  the  laboratory  and  practice  types  of  instruction,  in  which 
a  large  niunber  of  printed  outlines  and  a  large  supply  of  materials  are 
required.  It  is  estimated  that  the  Department  has  used  for  instructional 
purposes  during  the  year  25,536  multigraphed  or  mimeographed  sheets, 
approximately  2500  fowls  for  killing  and  judging  dressed  poultry  and 
anatomy  practice,  and  2250  dozen  eggs.  This  makes  a  very  heavy  drain 
on  the  maintenance  funds  of  the  Department,  inasmuch  as  no  laboratory 
fees  have  ever  been  charged  except  to  winter-course  or  simimer-school 
students.  We  believe,  however,  that  the  expenditure  is  abimdantly 
justified  in  view  of  the  results  obtained. 

INVESTIGATION 

The  Department  has  conducted  investigations  during  the  year  as 
follows: 

1.  A  comparison  of  different  methods  of  feeding. 

2.  Free  range,  or  outdoor  liberty,  in  winter  in  comparison  with  con- 
finement within  the  house. 

3.  A  study  of  the  inheritance  of  egg  production. 

4.  A  comparison  of  large  grass  yards  for  poultry  with  small  bare  yards. 

5.  A  comparison  of  egg  production  and  constitutional  vigor  of  hen- 
hatched  chickens  with  those  of  incubator-hatched  chickens. 

6.  Breeding  to  improve  the  size,  shape,  and  color  of  market  eggs. 

7.  An  incubation  experiment  comparing  several  methods  of  keeping 
eggs  before  incubating  them. 

8.  The  comparative  value  of  animal  protein  and  mineral  nutrients  in 
the  feeding  of  fowls  for  egg  production. 

9.  Sex  influence  on  the  inheritance  of  egg  production. 

10.  Sex  influence  on  the  inheritance  of  constitutional  vigor. 

11.  A  study  of  tjrpes  in  poultry-house  construction. 
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In  the  investigative  work  of  the  Department  847  fowls  have  been 
used. 

One  btalletin — 327,  "Methods  of  Chick-feeding" — and  two  circulars 
— No.  14,  '"Working  Plans  of  Cornell  Poultry-houses/*  and  No.  16,  "The 
Improved  New  York  State  Gasoline-heated  Colony-house  Brooding 
System" — liave  been  prepared  and  published  during  the  year. 

The  investigative  work  is  now  conducted  entirely  at  the  new  experiment 
plant  on  the  poultry  farm  at  Forest  Home.  Here,  for  the  first  time, 
the  flocks  are  kept  under  favorable  conditions  as  regards  the  amotmt  of 
land  available  for  range  and  as  regards  freedom  from  interruption  of  the 
work,  being  far  removed  from  the  distractions  arising  from  close  contact 
with  the  teaching  enterprise. 

EXTENSION 

Extension  work  away  from  the  College, —  In  the  following  table  may  be 
seen  the  number  and  kinds  of  extension  activities  of  the  Department 
for  the  past  foiu*  years.  It  will  be  seen  that  in  1912-1913  four  hundred 
and  thirty-three  appointments  were  filled  by  members  of  the  depart- 
mental staff,  which  is  an  increase  of  one  hundred  and  twenty-seven  over 
the  previous  year. 


1909-1910 

1910-1911 

1911-1912 

1912-1913 

Pann  visits  to  assist  in  selecting  breed- 
ing stock,  grading  eggs,  laying  out 
plans  for  poultry  farms,  and  the  like . 

Speaking  engagements  in  connection 
with  poultry  shows,  granges,  Young 
Men's  Chnstian  Associations,  farm- 
ers' institutes,  extension  schools, 
farm  trains,  fairs,  and  the  like 

Educational  exhibits  staged  in  connec- 
tion with  poultry  shows,  agpcultural 
fairs,  Yoimg  Men's  Christian  Asso- 
ciations, farm  trains,  extension 
schools,  and  the  like 

17 

109 

18 

62 
79 
23 

180 
92 
34 

255 

136 

42 

Total 

144 

164 

306 

433 

Three  persons  gave  almost  their  entire  time,  dimng  the  foiu*  winter 
months,  to  various  tjrpes  of  extension  work  in  connection  with  poultry 
shows,  extension  schools,  Young  Men's  Christian  Associations,  and  similar 
gatherings. 
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Correspondence, —  The  correspondence  of  the  Department  has  increased 
at  the  usual  rate,  as  is  shown  below: 


1908-1909 

1909-1910 

1910-1911 

1911-1912 

1912-1913 

Letters 

7,088 

7.470 

7.364 
2.393 

8.456 
2,141 

9.304 
2,198 

Form  letters 

Total 

7,088 

7.470 

9.757 

10.597 

11.502 

Poultry  survey. —  The  postal-card  poultry  survey  has  progressed  satis- 
factorily during  the  year.  On  September  30  the  survey  map  and  card  index 
indicated  that  replies  had  been  received  from  972  poultr3rmen  in  the 
State,  who  report  as  follows: 

Number  of  farms  Number  of  fowls 

583 I  to    200 

238 * 201  to    500 

100 501  to  1000 

35 looi  to  2000 

16 2001  or  more 

This  survey  enables  us  to  keep  in  close  touch  with  many  of  the  best 
poultrymen  of  the  State,  to  whom  we  send  poultry  literature  and  with 
whom  we  cooperate  in  other  ways. 

Cooperative  marketing  association. —  The  cooperative-marketing-associa- 
tion project,  which  was  organized  during  the  year  and  which  has  now  been 
in  operation  for  about  seven  months,  developed  even  more  satisfactorily 
than  had  been  anticipated.  The  Department  has  supervised  the  organiza- 
tion of  the  Ithaca  Producers'  Association.  This  project  is  under  the 
immediate  supervision  of  E.  W.  Benjamin,  an  instructor  in  the  Depart- 
ment, who  reports  that  the  association  has  handled  the  poultry  and  eggs 
produced  by  168  patrons  within  a  radius  of  approximately  ten  miles  of 
Ithaca.  The  number  of  eggs  handled  by  the  association  for  its 
patrons  from  March  i  to  September  30,  1913,  seven  months,  was 
31,51 1 J  dozens,  equal  to  1050  cases  of  30  dozens  each,  or  approxi- 
mately two  and  one  half  carloads.  The  amount  of  poultry  handled 
during  the  same  time  was  6538J  pounds,  or  approximately  three  and  one 
quarter  tons.     The  total  net  retimis  to  the  patrons  were  $7753 .86.    It  is 
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estimated  that  the  patrons  have  been  aided  in  receivuig  about  three  cents 
per  dozen  more  for  their  eggs,  and  two  cents  per  pound  more  for  their 
poultry,  than  they  would  otherwise  have  been  likely  to  receive;  or, 
expressed  in  money  value,  the  patrons  have  received  about  $130  more  for 
their  poultry  and  $945  more  for  their  eggs,  or  a  total  of  $1075,  than  they 
would  otherwise  have  been  able  to  get  by  the  usual  methods.  This 
increase  in  profits  is  due  primarily  to  greater  care  in  testing,  grading,  and 
packing,  which  has  resulted  in  higher  prices'  being  received.  The  educa- 
tional value  of  the  project  is  a  stimulus  to  greater  production  of  a  better 
quality  of  poultry  and  eggs.  More  systematic  care  and  accounting  is  of 
even  greater  advantage  to  the  patrons  than  the  increase  in  their  net 
profits  due  to  the  sales.  The  project  is  of  benefit  not  only  to  the  producer, 
but  also  to  the  consumer,  and  has  resulted  in  obtaining  close  cooperation 
with  persons  who  otherwise  might  not  be  in  touch  with  the  College. 

Extension  work  in  Chemung  county. —  One  of  the  very  profitable  exten- 
sion activities  of  the  year  is  the  work  that  W.  G.  Krum,  an  assistant  in  the 
Department,  has  been  doing  in  cooperation  with  the  Business  Men's 
Association  of  Elmira,  as  is  indicated  by  a  report  of  one  week's  work  in 
connection  with  the  schools  and  homes  of  Chemung  coimty.  During 
that  week  twenty  lectures  on  poultry  "husbandry  were  given  to  audiences 
showing  a  total  attendance  of  1267.  Thirteen  farms  were  visited  and 
forty-three  persons  were  given  advice.  The  lectiu-es  and  demonstrations 
were  given  primarily  with  a  view  of  enabling  the  boys  and  girls  in  the 
schools  to  more  successfully  handle  flocks  of  poultry,  to  keep  accurate 
records,  and  to  pass  the  examinations  that  were  required  by  the  Business 
Men's  Association.  This  association  gave  to  the  contestants,  as  a  reward 
for  good  work,  specially  designed  poultry  buildings  and  settings  of  eggs. 
This  work  is  emphatically  teaching  children  "  in  terms  of  their  daily 
lives,"  and  could  be  extended  with  profit  to  many  coimties  of  the  State. 

Farmers*  Week. —  Dimng  Farmers'  Week,  for  the  first  time,  the  experi- 
ment was  tried  of  giving  systematic  instruction  in  laboratory  practice  in 
the  study  of  the  egg,  anatomy  of  poultry,  the  killing  of  poultry,  and  the 
grading  of  eggs.  For  this  instruction  a  laboratory  fee  of  twenty-five 
cents  was  charged,  with  the  following  result: 

Killing,  picking,  and  packing  poultry  (20  persons) $  5.00 

Testing,  grading,  and  packing  eggs  (38  persons) 9 .  50 

Dissection  and  anatomy  of  poultry  (16  persons) 4.00 

Study  of  the  egg  (8  persons) 2 .00 

Total $20.50 
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As  an  indication  of  the  number  of  persons  who  are  reached  during 
Farmers'  Week,  the  following  tabulation  of  the  attendance  at  the  new 
Poultry  Husbandry  Building  during  last  Farmers'  Week  is  given: 

Attendance 

Lectures,  twenty-six,  thirty  minutes  to  an  hour  each 4>io7 

Dedication  exercises,  two  sessions 525 

Laboratory  exercises,  thirteen 315 

Poultry  Conference,  one  session 50 

Poultry  Association  session,  four  lectures 135 

Poultry  contests,  four 170 

Total 5,302 

administration 

The  principal  items  of  the  inventory  taken  on  July  i,  19 13,  in  comparison 
with  those  in  each  of  the  five  years  previous,  are  shown  below.  The  very 
large  increase  in  the  valuation  of  land,  buildings,  and  equipment  is  due 
to  the  fact  that  in  the  figures  for  this  year  are  included  the  new  Poultry 
Husbandry  Building  (costing  $90,000)  and  equipment  (costing  $15,000), 
and  thirty  acres  of  land  recently  purchased  and  added  to  the  poultry  farm. 


1908 

1909 

1910 

191 1 

I912 

I9I3 

Land          

t  1,000 
5.876 
2.696 
3.569 

t  1,000 
6,248 
2,034 
4.676 

$  3.500 
6.416 
3.400 
6.496 

$  3.500 

6.438 
3,098 

$  3.500 
7.225 
A.  26a 

$    7,100 

Buildings 

102,850 

Stock              

4. 70S 

EauiDnient 

6.975  1     7U71 

13,580 

Total    

$13,141 

$13,958  j$i9.8i2 

$20,011     $22.d60 

$128,325 

It  is  seen  that  the  Department  shows  an  inventoried  valuation  for  land, 
buildings,  stock,  and  equipment  of  $128,325,  which  includes  fifty  acres 
of  the  eighty-acre  poultry  farm  on  which  rental  is  paid. 

Improvements, —  The  material  improvements  of  the  year  include  the 
moving  of  the  old  poultry  plant  to  the  poultry  farm  at  Forest  Home, 
and  the  acquisition  of  a  permanent  water  supply  for  the  farm.  The 
poultry  farm,  as  it  is  now  organized,  provides  for  the  growing  of  field 
crops  for  the  poultry,  land  for  rearing  about  four  thousand  chickens 
annually  on  free  range,  the  keeping  of  all  flocks  for  investigative  pxuposes, 
and  quarters  for  the  stock  for  instructional  piuposes  during  the  siunmer. 
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The  amount  of  stock  on  the  potdtry  farm  for  the  past  six  years  is 
shown  below.  About  half  of  the  mature  stock  is  devoted  to  experimental 
purposes,  and  the  balance  is  used  for  instruction. 


1908 

1909 

1910 

191 1 

1912 

1913 

Old 

829 
3.298 

IP 

3.683 

1.045 
2.803 

1.495 
3.031 

1. 561 
3.502 

2,498 

Young 

S.120 

Total 

4.127 

4.422 

3.848 

4.526 

5.063 

7.818 

New  buildings. —  During  the  year  the  Department  has  designed  auxil- 
iary buildings  to  be  erected  on  the  plateau  to  the  north,  east,  and  west 
of  the  new  Poultry  Husbandry  Building.  These  structures  are  to  be 
built  with  the  appropriation  of  $25,000  recently  made  by  the  Legislature. 
The  buildings  are  to  form  the  outdoor  laboratories  and  are  to  be  used 
entirely  for  instructional  piu-poses.  The  plant  will  include  a  centrally 
located  feed-and-appliance  building,  a  fattening  house,  a  breed-obser- 
vation house,  two  brooder  houses,  and  houses  to  contain  flocks  for  egg 
production. 

This  has  been  the  most  eventful  and  the  most  prosperous  year  in  the 
history  of  the  Department. 

JAMES  E.  RICE, 
Professor  of  Poultry  Husbandry. 
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TEACHING 

During  the  past  year  no  radical  change  has  been  made  either  in  the 
courses  offered  or  in  the  method  of  teaching  them.  The  ntmiber  of 
students  receiving  instruction  from  the  Department  is  given  in  the  follow- 
ing table: 


Course 


Subject 


Number 
of  students 
registered 


First 
tenn 


Second 
tenn 


3 
4 

20 

28 

7 
27 


Farm  Mechanics 

Dairy  Mechanics 

Farm  Engineering 

Advanced  Work  m  Farm  Engineering. 


Farm  Mechanics  (Winter  Course) 

Farm  Engineering  (Winter  Course) 

Totsu  registration  in  1912-1913,  707. 


150 
60 


125 
64 


122 
40 

135 
II 


INVESTIGATION 

The  investigations  of  simplified  sewage-disposal  systems  have  been 
continued  during  the  past  year,  in  connection  mainly  with  extension 
work.  The  installations  at  Lodi,  at  Taughannock  Falls,  and  at  the 
county  almshouse  near  Jacksonville,  all  of  which  have  been  completed 
during  the  past  year,  afford  valuable  opportunity  for  study. 

In  farm  engineering  the  operation  of  the  irrigation  plant  at  Brockport 
is  still  being  studied,  and  a  plant  at  Charlotte  has  been  designed  and 
installed  in  cooperation  with  the  Department  of  Pomology  at  this  College 
and  the  Rochester  Railway  and  Light  Company.  The  study  of  the  run- 
off of  a  part  of  the  drainage  system  on  the  college  farm  has  been  delayed 
for  lack  of  a  satisfactory  recording  mechanism  for  the  drainometer.  An 
improved  design  is  under  construction.  Much  work  has  been  done  in 
the  study  of  difficult  engineering  problems  in  drairlage,  in  connection 
with  extension  work  in  farm  engineering.  The  observations  on  the  last- 
ing qualities  of  different  types  of  drain  tile  are  being  continued. 

[xcixj 
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EXTENSION 

The  Department  prepared  exhibits  for  the  State  Fair  at  Syracuse  and 
for  the  coimty  fair  at  Batavia,  special  attention  being  given  to  sewage 
disposal,  water  supply,  and  types  of  drain  tile.  Much  individual  assist- 
ance was  given  in  sewage-disposal  problems,  both  by  mail  and  by  per- 
sonal visits.  Disposal  systems  for  the  coimty  tuberculosis  hospital  at 
Taughannock  Falls  and  for  the  coimty  almshouse  at  Jacksonville,  after 
having  been  approved  by  the  State  Department  of  Health  and  the  Con- 
servation Commission,  were  successfully  installed  under  the  direction  of 
this  Department.  A  private  installation  at  Lodi,  using  the  Cornell 
sewage  switch  and  dividers,  was  put  in  under  departmental  direction,  for 
the  purpose  of  affording  an  experimental  plant. 

The  work  in  farm  engineering  under  Mr.  Robb  included  visits  to  ten 
farms  in  cooperation  with  the  State  Department  of  Agriculture  and 
fifteen  visits  for  this  Department.  Of  these  twenty-five  trips,  eleven 
were  for  consultation  only,  one  was  for  a  lecture,  and  thirteen  were  for 
the  purpose  of  making  a  survey  of  the  property  in  question,  from  which 
surveys  a  map  was  prepared  in  each  case.  The  average  length  of  time 
required  for  a  consultation  trip  was  two  days,  while  a  survey  and  map 
involved  work  for  two  days  to  a  week  or  more  in  each  case. 

An  extensive  piece  of  work  now  being  done  under  the  direction  of  this 
Department  is  the  preparation  of  a  complete  map  of  all  the  college  farm 
properties,  with  contour  lines  at  one-foot  intervals  wherever  the  char- 
acter of  the  land  will  permit  jand  at  five-  or  ten-foot  intervals  in  rough 
sections. 

recommendations 

The  Department  is  greatly  in  need  of  larger  quarters.  At  present 
there  is  no  place  where  shop  work  of  any  kind  can  be  given,  and  no 
opportunity  is  afforded  for  an  exhibition  of  farm  machinery.  Both  these 
lines  are  especially  needed,  and  it  is  hoped  that  it  may  be  possible  at  no 
very  far  distant  date  to  provide  an  adequate  rural  engineering  building. 

HOWARD  W.  RILEY, 

Professor  of  Farm  Mechanics. 
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DEPARTMENT  OF  AGRICULTURAL  CHEMISTRY 

TEACHING 

During  the  regular  college  year  ten  courses  of  instruction  were  given, 
in  which  686  students  were  enrolled.  Four  courses  were  given  in  the 
summer  session,  with  an  enrollment  of  51  students.  In  addition  to  this, 
298  winter-course  students  received  instruction.  The  work  was  done  by 
three  teachers  —  Professor  Cavanaugh,  Assistant  Professor  Cross,  and 
Mr.  Rice. 

INVESTIGATION 

Very  little  investigation  is  being  done  by  the  Department.  This  is  due 
to  inadequate  facilities.  The  Department  at  present  has  not  sufficient 
men  on  its  staff,  nor  room  for  the  conducting  of  extensive  problems  of 
investigation.  Its  work  is  therefore  confined  to  the  smaller  problems  in 
connection  with  the  research  of  a  few  graduate  students. 

EXTENSION 

In  the  analytical  laboratory  four  htmdred  and  five  samples  have  been 
examined.  Some  of  this  work  has  been  done  for  the  different  departments 
of  the  College,  but  the  greater  part  of  it  has  been  done  for  farmers  of  the 
State.  The  work  consists  of  the  examination  of  feeds,  fertilizers,  soil,  and 
the  like. 

Lectures  before  different  organizations,  including  extension  schools, 
have  been  made  by  Professor  Cavanaugh  and  Assistant  Professor  Cross. 
Mr.  Rice  has  been  in  attendance  at  coimty  fairs,  with  exhibits,  for  five 
weeks. 

RECOMMENDATIONS 

The  following  recommendations  are  made: 

1.  That  at  least  $500  in  addition  to  the  regular  maintenance  be  appro- 
priated for  the  purchase  of  special  apparatus  to  be  used  in  teacMng. 
This  Department  is  at  present  dependent  on  the  Department  of  Chemistry 
of  the  College  of  Arts  and  Sciences  for  the  use  of  much  apparatus  used  in 
teaching.  As  both  departments  grow,  this  Department  feels  more  and 
more  the  lack  of  sufficient  necessary  apparatus  for  the  proper  instruction 
of  its  students. 

2.  That  the  staff  be  increased  by  two  men  —  a  chemist,  of  the  grade 
of  instructor,  for  work  in  the  analytical  laboratory;  and  an  assistant  on 
the  teaching  force. 

GEORGE  W.  CAVANAUGH, 
Projessor  of  Chemistry  in  its  Relations  with  Agriculture. 
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DEPARTMENT  OF  LANDSCAPE  ART 

TEACHING 

During  the  year  191 2-19 13  the  instructing  staff,  in  addition  to  the 
writer,  was  composed  of  E.  Gorton  Davis,  Assistant  Professor;  E.  D. 
Montillon,  Instructor;  J.  R.  Van  Kleek,  Assistant;  and  C.  E.  Hunn, 
Foreman  of  Grounds. 

Previous  to  the  past  year  the  departmental  work  has  been  conducted 
in  rooms  provided  separately  by  the  colleges  of  Agriculture  and  Archi- 
tecture —  the  business  and  administrative  work  in  an  office  in  the  Main 
Building  of  the  College  of  Agriculture,  and  the  drafting  and  lecture  work 
in  rooms  in  White  Hall  kindly  offered  by  the  College  of  Architecture. 
It  seemed  best  at  the  beginning  of  this  year  to  remove  entirely  to  the 
College  of  Agriculture,  because  adequate  room  was  lacking  in  White  Hall 
and  also  because  it  seemed  best  for  a  department  of  the  College  of  Agri- 
culttu^  to  be  housed  in  closer  proximity  to  other  departments  of  the 
College.  In  making  the  change  an  excellent  working  atmosphere  and  fine 
library  privileges  were  lost.  These  losses  were  compensated  for,  however, 
in  the  value  gained  by  more  centralized  quarters  and  by  consequent  closer 
control  over,  and  cooperation  with,  the  students  and  the  allied  depart- 
ments. Lack  of  proper  library  facilities  was  somewhat  offset  by  the 
transferring  of  many  of  the  more  important  books  on  landscape  archi- 
tecture from  the  general  and  architectural  libraries  to  shelves  in  the 
office  and  the  new  drafting  room  of  the  Department;  these,  together  with 
pamphlets,  catalogues,  and  other  data,  forming  the  nucleus  of  a  depart- 
mental library. 

With  administration  and  instruction  imder  one  roof  it  has  been  possible 
for  the  Department  to  do  much  better  work  than  heretofore,  and  the 
students  have  profited  by  the  change. 

As  was  stated  in  the  departmental  report  for  last  year,  the  curriculiun 
is  imder  constant  study,  due  to  the  possibility  of  improvement  that  comes 
from  experience  and  to  the  demands  arising  because  better-prepared 
and  more  advanced  students  are  coming  to  the  College  for  instruction. 
The  work  is  being  constantly  better  understood;  it  is  no  longer  a  novelty 
to  be  tried  by  any  pupil  who  may  perchance  think  he  would  like  to  be  a 
landscape  designer,  but  has  become  the  serious  work  of  the  student  who 
fully  understands  its  requirements  and  possibilities. 

The  Department  is  teaching  a  most  intangible  subject,  consequently 
progress  has  been  exceedingly  difficult.  Appreciation  and  knowledge  of 
landscape  art  is  not  readily  inculcated  in  the  average  mind.     There  must 
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be  a  predisposition  for  the  work  and  an  innate  or  ingrained  love  for  and 
understanding  of  it.  Provided  these  are  present,  the  foundation  is  secure 
and  understanding  and  ability  can  be  created;  otherwise  it  is  quite  useless 
to  expect  results. 

Town-  and  city-planning 

The  Department  has  not  yet  offered  a  special  course  in  town-  and  city- 
planning,  but  has  touched  on  the  subject  in  other  courses.  The  increasing 
demand  for  instruction  in  this  particular  branch  of  the  work,  however, 
is  such  that  the  Department  will  soon  be  compelled  to  give  adequate 
attention  to  it.  Village-,  town-,  and  city-planning  is  np  longer  to  be  the 
result  of  haphazard  practices;  trained  intelligence  is  now  demanded  for 
this  work.  The  arrangement  and  planning  of  the  land  for  hiunan  use, 
habitation,  and  convenience,  be  it  city  or  farm,  is  no  longer  merely  a 
matter  of  aesthetics  but  is  a  vital  question  in  social  economics.  Life  in 
its  most  fimdamental  aspects  is  largely  determined  by  environment.  The 
arrangement  of  the  village  and  town,  the  city,  or  the  grounds  of  public 
institutions,  is  now  recognized  as  quite  as  dominant  a  factor  for  good  as 
is  the  school  in  the  town,  the  laws  of  the  city,  or  the  correctional  work 
of  the  reformatory  or  the  asylvun  which  may  have  been  subjected  to  a 
study  of  its  landscape  surroundings. 

When  this  work  in  town-planning  and  civic  design  is  offered,  it  should 
no  doubt  be  in  the  form  of  advanced  work  leading  toward  a  master's 
degree,  at  least  in  the  beginning.  Later,  perhaps,  a  general  course  might 
be  offered  during  undergraduate  work,  the  student  being  allowed,  possibly 
in  his  junior  and  senior  years,  to  arrange  his  work  with  special  reference 
to  the  above  subjects. 

Special  lectures  and  trips 
Diu4ng  the  past  year  the  Department  has  not  been  able  to  provide  for 
the  students  either  trips  of  inspection  or  special  lecturers,  owing  to  lack 
of  funds.  The  money  at  the  disposal  of  the  Department  has  been  spent 
for  much-needed  equipment.  It  woidd  be  advantageous  if  a  definite 
and  proper  stun  of  money  could  be  set  aside  by  the  Department  for  the 
engagement  of  visiting  lecturers  and  practitioners,  who  might  not  only 
give  more  advanced  thought  to  the  students  but  also  interpret  their 
varying  points  of  view.  Such  visiting  instructors  should  be  of  general 
value  to  the  College,  all  of  whose  students  might  well  profit  by  the  lectures 
and  criticisms.  One  visiting  lecturer  of  sufficient  renown  to  make  his 
visit  of  general  interest  was  engaged  during  the  year — Ewart  G.  Culpin, 
of  London,  England,  Editor  of  "  Garden  Cities  and  Town  Planning  " 
and  one  of  the  foremost  men  in  the  town-planning  movement  abroad. 
His  lecture  on  the  general  subject  of  town-planning  was  most  instructive, 
not  only  to  our  students  but  to  a  general  university  audience;  and  the 
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same  lecture,  given  before  all  the  most  important  universities  of  this 
coimtry  and  Canada,  has  no  doubt  done  more  to  interest  this  country 
in  the  importance  of  landscape  art  than  has  anything  else  during  the 
past  ten  years.  In  a  recent  number  of  *'  Garden  Cities  and  Town  Plan- 
ning," Mr.  Culpin  comments  most  favorably  on  the  various  courses  in 
landscape  design  in  this  country,  sa5dng  that  at  Harvard,  Ann  Arbor, 
and  Cornell  some  excellent  and  practical  work  is  being  done. 

INVESTIGATION 

In  this  connection  should  be  mentioned  the  excellent  study  made  by 
Professor  Davis  in  the  history  of  landscape  design.  He  has  been  imtiring 
in  his  research  in  the  libraries  and  other  fields  of  data,  not  only  in  this 
country  but  abroad  as  well.  He  has  just  returned  from  a  visit  to  England 
and  the  Continent,  where  he  went  solely  in  the  interest  of  the  Depart- 
ment and  whence  he  brings  valuable  photographs  and  data.  Mr.  Mon- 
tiUon,  also,  has  been  giving  considerable  time  to  a  study  of  the  closer 
relation  of  architecttire  to  landscape  art,  his  inquiries  helping  largely 
to  form  the  basis  of  a  course  of  instruction  in  this  particular  study. 

Our  graduate  students  of  the  past  year  were  largely  concerned  with 
research  problems  of  vital  value  to  us  as  a  department.  Two  students 
made  fairly  complete  investigation  and  study  of  the  possibilities,  oppor- 
tunity, and  value  of  the  improvement  of  the  city  of  Auburn  and  the 
village  of  Rose,  New  York.  The  results  of  this  study  not  only  have 
been  made  departmental  record,  but  also  have  been  submitted  to  the 
authorities  of  the  city  and  the  village  studied. 

EXTENSION 

Even  though  there  has  been  little  money  at  the  disposal  of  the  Depart- 
ment for  work  of  this  nature,  considerable  extension  work  has  been 
accomplished. 

In  the  report  of  last  year  mention  was  made  of  the  fact  that  the 
Department  was  dealing  directly  with  the  Fiscal  Supervisor  of  State 
Charities  at  Albany,  and  that  a  definite  beginning  had  been  made  toward 
the  development  and  care  of  the  groimds  about  several  institutions  under 
his  charge.  Much  further  work  has  been  done  during  the  past  year 
along  this  line,  as  may  be  seen  from  the  last  Annual  Report  of  the  Fiscal 
Supervisor  of  State  Charities.  The  following  is  quoted  from  the  Super- 
visor's opening  page,  under  the  caption  **  Landscape  Accomplishments  of 
the  Past  Year": 

Various  scattering[  attempts  have  been  made  from  time  to  time  toward  beautifying 
the  institutional  building  surroundings.    This  beautification  has  been  attempted  but 
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never  completely  accomplished  through  the  spasmodic  employment  of  landscape 
artists.  This  now-and-then  employment,  although  costing  considerable  money,  has 
never  crystallized  into  any  definite  landscape  development  plan. 

It  was  to  attain  this  result  that  the  spnng  of  1912  saw  the  Department  approach 
the  Dean  of  the  New  York  State  College  of  Agriculture,  Mr.  Liberty  Hyde  Bailey, 
and  ask  for  loan  of  a  landscape  artist.  Dean  Bailey  very  kindly  permitted  the  Depart- 
ment to  appropriate  Assistant  Professor  £.  Gorton  Davis  of  the  Department  of  Land- 
scape Art,  of  Ithaca.  Professor  Davis  has,  for  mere  traveling  and  board  expenses 
while  away  from  Ithaca,  accomplished  most  valuable  work  at  our  institutions.  This 
has  meant  a  saving  of  a  large  amount  of  money  and  has  permitted  these  institutions 
to  embark  upon  the  working  out  of  a  definite  landscape  scheme. 

The  Department  appreciates  the  courtesy  of  the  New  York  State  Agricultural  Officials 
in  this  matter,  and  takes  opportunity  to  express  its  thanks. 

Considering  the  possibility  of  the  great  social  and  educational  value 
to  be  gained  from  this  and  similar  extension  work  —  for  example,  the 
landscape  and  architectural  improvement  of  the  rural  schools  —  it  seems 
a  great  pity  that  there  cannot  be  a  considerable  sum  of  money  set  aside 
by  the  College  and  the  State  for  just  such  work,  quite  as  necessary  and 
humanitarian  as  many  other  fields  of  investigation.  It  is  recommended 
that  careful  thought  be  given  to  this  matter.  Money  should  not,  and 
cannot  readily,  be  taken  from  the  general  funds  of  the  Department  in 
an  amount  sufficient  to  accomplish  marked  results.  Without  necessary 
fimds  our  first  duty  must  be  toward  the  college  teaching;  and  extension 
work,  though  ever  so  small,  cannot  be  attempted  at  any  sacrifice  to  the 
immediate  teaching  work. 

Bulletins  should  be  issued  regularly  in  order  to  properly  answer  the 
constant  inquiries  that  are  received.  Considerable  data  preparatory  to 
publications  of  this  nature  have  been  gathered  during  the  past  year. 
The  Department  realizes  the  great  importance  of  this  method  of  dis- 
seminating knowledge,  and  feels  keenly  the  lack  of  such  publications  to 
date.  But  the  work  of  organizing  the  subject  matter  for  these  publi- 
cations, virtually  without  precedent,  has  called  for  much  care  and  time. 

EXPENDITURES 

Our  budget  for  the  past  year  showed  a  slight  increase  over  that  of  the 
year  previous.  Our  working  equipment  has  been  augmented  by  the 
addition  of  a  large  number  of  illustrations  and  slides,  together  with  other 
data;  and  much  cataloguing  and  library  work  has  been  done  and  will 
be  continued  during  the  coming  year. 

COLLEGE  PLAN 

Much  has  been  accomplished  during  the  past  year  on  the  college-plan 
work.  A  survey  of  practically  the  entire  college  grounds  and  farms  has 
been  compiled,  checked,  and  made  available  for  use;  and  a  general  plan 
of  arrangement  for  the  college  properties  not  only  has  been  completed 
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but  has  been  accepted  by  the  Agricultural  College  Council  and  the  Univer- 
sity Grounds  Committee.  The  foimdation  of  these  plans  has  involved 
much  time,  study,  and  expense;  but  the  results  to  date  seem  most  gratify- 
ing, especially  inasmuch  as  the  work  has  resulted  in  the  final  adoption 
of  a  plan  of  arrangement  of  the  agricultural  campus.  There  is  still  much 
to  be  done  on  these  plans,  all  of  which  must  be  carefully  detailed. 

ARBORETUM 

While  a  good  beginning  was  made  two  years  ago  toward  the  establishment 
of  an  arborettmi,  and  its  development  and  progress  have  been  constant 
during  the  past  year,  it  was  necessary,  due  to  the  lack  of  proper  help  in 
the  Department,  that  efforts  be  confined  largely  to  the  assembling  and 
propagating  of  plant  materials  for  future  use.  No  actual  arboretum 
planting  could  be  done,  the  reason  for  this  being  the  deferred  acceptance 
of  a  more  or  less  general  plan  of  arrangement  of  the  college  groimds. 
This  difl5culty  has  now  been  eliminated.  During  most  of  the  past  year 
we  have  been  on  the  lookout  for  a  well-groimded  and  able  man  to  asstune 
the  main  responsibility  of  the  planting  and  plant-material  work  in  our 
course  of  study  in  addition  to  the  work  of  planning  for  and  estabUshing 
an  arboretum.  Last  spring  we  were  fortunate  in  obtaining  the  interest 
and  cooperation  of  Ralph  Curtis,  of  the  Arnold  Arboretum  of  Boston, 
resulting  in  his  appointment  as  Assistant  Professor  in  Plant  Materials. 
Not  only  shall  we  be  better  able  to  continue  the  work  incidental  to  the 
establishment  of  the  arboretum,  but  in  its  planning  we  shall  materially 
benefit  by  the  experience  and  advice  of  Mr.  Curtis.  Also,  the  knowledge 
that  he  brings  to  the  Department  will  greatly  increase  the  value  of  our 
plant-material  courses,  which  until  this  year  have  remained  somewhat 
undeveloped. 

NEW  BUILDING 

During  the  past  year  it  was  decided  that  the  Department  should  be 
given  the  frame  building  formerly  used  by  the  Department  of  Poultry 
Husbandry.  This  building  is  to  be  removed  to  a  chosen  site  and  remod- 
eled for  the  temporary  use  of  the  Department,  a  moderate  amoimt  of 
money  having  been  set  aside  for  the  work.  Plans  and  specifications  were 
drawn  by  Mr.  Montillon  for  the  necessary  alterations,  and  it  was  found 
that,  with  the  changes  as  planned,  proper  and  suitable  quarters  for  the 
Department  for  at  least  five  years  could  be  obtained.  Tenders  taken  for 
the  work  proved  too  high;  consequently  the  work  did  not  progress  and 
the  building  was  not  ready  for  use  this  fall.  Therefore  the  Department 
is  still  using  one  of  the  rooms  in  the  Main  Building  for  administrative 
work,  and  newly  acquired  space  in  the  Dairy  Building  for  drafting  and 
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teaching  work.  This  is  both  an  unsatisfactory  and  an  unfortunate 
arrangement,  again  separating  our  interests  although  not  so  much  as  when 
space  was  used  in  White  Hall.  Conditions,  both  for  us  and  for  others, 
are  so  crowded,  and  even  the  inadequate  space  that  we  occupy  is  so  badly 
needed  for  other  work,  that  it  is  hoped  all  possible  effort  will  be  made  to 
advance  our  present  building  appropriation  sufficiently  to  allow  of  pur 
new  quarters  being  available  at  an  early  day. 

BRYANT  FLEMING. 

Professor  of  Landscape  Art. 
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DEPARTMENT  OF  DRAWING 

TEACHING 

For  the  past  year  the  number  of  students  taking  work  in  the  several 
courses  in  the  Department  of  Drawing  was  as  follows: 


Coune 


Subject 


Number 
of  students 
registered 


First 
term 


Second 
term 


I 

2 

3 

4 
5 


Mechanical  Drawing 
Free-hand  Drawing  . 

Apptied  Drawing 

Isometric  Drawing. . 
Perspective 


56 

59 

9 

13 

5 


142 


54 
28 
18 


104 


Adding  the  nvunbers  for  both  terms  gives  a  total  of  246,  as  against  140 
for  the  preceding  year.    This  shows  a  gain  of  75  per  cent. 

Every  graduate  of  this  College  should  have  had  a  course  in  mechanical 
drawing  and  should  be  able  to  read  building  plans  and  simple  machine 
drawings.  That  the  general  student  realizes  his  need  for  such  knowledge 
is  shown,  not  only  by  the  increased  attendance  in  these  classes,  but  also 
by  the  fact  that  many  students  have  been  prevented  from  registering  in 
the  course  because  of  conflicts  with  other  courses  scheduled  at  the  same 
hours.  The  present  floor  space  occupied  by  the  Department  precludes 
the  formation  of  additional  sections  in  Mechanical  Drawing;  also,  an 
increase  in  sections  would  necessitate  an  increase  in  the  teaching  force. 

Scientific  classification,  and  all  judging  and  scoring,  are  based  on  the 
consideration  of  relative  size,  form,  color,  and  position;  and  free-hand 
drawing  is  the  only  cotirse  in  which  the  student  makes  a  study  of  relative 
size,  form,  color,  and  position  as  such.  Drawing  is  form  study,  as  are  all 
the  morphological  sciences;  hence  its  value  to  the  student  of  science. 
The  courses  in  free-hand  drawing  are  intended  especially  to  aid  the  scien- 
tific student  in  his  graphic  expression  of  form.  It  is  the  aim  of  the  Depart- 
ment, also,  to  develop  in  the  student  an  increased  appreciation  of 
pictorial  art. 
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The  equipment  of  the  Department  is  being  added  to,  as  need  arises  and 
fimds  permit,  in  the  form  of  artificial  fungi,  plant  models,  and  mounted 
insects,  birds,  and  animals  for  the  free-hand  courses,  and  of  machine  parts 
and  simple  demonstration  apparatus  for  mechanical  drawing. 

INVESTIGATION 

While  the  Department  does  no  investigative  work  as  such,  yet  constant 
experiments  are  being  made  in  order  to  determine  the  best  materials  and 
methods  of  graphic  expression  required  by  scientific  students. 

RE  COMMENDATIONS 

Any  recommendations  that  the  Department  might  be  disposed  to  make 
would  be  in  the  nature  of  added  appropriation.  More  funds  could  well 
be  employed,  especially  for  cabinets  for  storing  the  students'  drawing 
materials  and  instruments  and  for  demonstration  apparatus  and  models. 
Additional  fimds  could  also  be  used  in  purchasing  facsimile  reproductions 
of  good  paintings,  suitably  framed,  for  aiding  in  the  development  of  the 
student's  appreciation  of  fine  art.  A  larger  teaching  force  would  enable 
the  Department  to  offer  afternoon  work  in  free-hand  courses,  and,  as 
indicated  above,  more  floor  space  would  make  possible  additional  sections 
in  mechanical  drawing. 

W.  C.  BAKER, 
Assistant  Professor  of  Drawing. 


Digitized 


by  Google 


DEPARTMENT  OP  RURAL  ECONOMY 

The  Professor  in  charge  of  the  Department  having  sabbatic  leave  oi 
absence  for  the  second  half-year,  all  work  other  than  the  answering  of 
letters  ceased  after  the  first  of  February.  The  sabbatic  leave  was  spent 
in  studying  agricultural  conditions  in  Europe,  particularly  the  problems 
of  land  tenure  and  of  cooperation. 

TEACHING 

Again  the  number  of  students  taking  courses  in  rural  economy 
increased  over  the  previous  registration.  It  was  impossible  to  give  the 
students  the  attention  to  which  they  are  entitled.  To  the  Department 
was  assigned  as  an  office  an  artificially  lighted  interior  room,  half  as  large 
in  area  as  the  one  that  it  previously  occupied.  Neither  instructor  nor 
students  could  risk  their  health  in  such  a  place,  and  conferences  with 
students  were  at  a  minimvun. 

INVESTIGATION 

No  new  problems  were  taken  up.  Some  studies  were  made  with  refer- 
ence to  the  investigations  to  be  imdertaken  in  Europe. 

EXTENSION 

The  work  in  extension  is  still  confined  to  correspondence  and  to  an 
occasional  lecture  away  from  Ithaca.  The  final  preparations  have  been 
made  for  the  investigation  of  cooperation  in  the  State  of  New  York  as  a 
basis  for  extension  efforts  in  the  future.  With  the  beginning  of  the  next 
year  the  investigation  will  be  under  way. 

RE  COMMENDATIONS 

As  has  been  said  in  every  previous  report,  the  greatest  need  of  the 
Department  is  for  space  to  accommodate  the  imdergraduate  students,  to 
accommodate  the  graduate  students  who  are  now  turned  away,  to  give 
an  opportunity  to  develop  the  teaching  and  investigative  work,  and  to 
provide  for  work  in  extension.  The  space  allotted  to  the  Department  in 
the  new  Auditorium  has  been  seriously  encroached  upon,  necessitating  a 
new  plan  of  division.  Although  thus  provided  with  at  least  comfortable 
offices,  no  provision  has  been  made  to  satisfy  the  needs  of  the  students. 
The  Department  needs  a  whole  floor  of  the  size  of  those  in  the  Main  Build- 
ing, in  order  to  do  justice  to  the  students  now  registered  in  the  courses. 
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The  stafif  of  the  Department  should  be  increased  by  the  addition  of  an 
instructor  for  the  economic  side  of  the  subject,  an  instructor  for  the  social 
side  of  the  subject,  and  an  extension  man  for  each  of  these  lines  —  the 
first  to  begin  his  work  on  the  cooperation  problem,  for  which  there  is 
much  demand  in  the  State.  It  is  not  a  matter  of  the  moment  to  get  men 
for  these  lines  of  effort,  and  in  most  cases  it  will  be  necessary  to  train 
the  men. 

The  other  needs  of  the  Department  are  for  illustrative  material,  books, 
and  supplies. 

G.  N.  LAUMAN, 
Professor  oj  Rural  Economy. 
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DEPARTMENT  OF  HOME  ECONOMICS 

The  departmental  staff  for  the  year  191 2-19 13  comprised  the  foUowing 
persons: 

Two  heads  of  department,  one  assistant  professor  on  half  time,  one 
instructor  on  full  time,  one  instructor  on  half  time,  two  student  assistants, 
one  extension  assistant  on  two  thirds  time,  manager  of  cafeteria,  one 
clerk  and  housekeeper,  one  housekeeper,  and  one  janitor. 

EQUIPMENT 

Building. —  The  Department  of  Home  Economics  moved  from  its  old 
quarters  in  the  College  of  Agriculture  to  the  new  Home  Economics  Build- 
ing at  the  close  of  the  first  term  of  the  year  1912-1913.  The  building 
was  open  to  outsiders  for  the  first  time  in  February,  during  Farmers' 
Week.  Although  the  equipment  was  most  incomplete,  the  laboratories 
imfumished,  and  many  of  the  floors  still  unfinished,  the  Home-makers* 
Conference  was  held  in  the  new  building  and  the  crowds  attending 
Farmers'  Week  and  the  Home-makers*  Conference  were  fed  in  the  cafe- 
teria, which  was  temporarily  ppened. 

Home  Economics  Lodge, —  No  piece  of  work  done  by  the  department 
proved  of  greater  practical  value  than  the  refurnishing  and  remodeling 
of  the  old  farmhouse  known  as  the  Tailby  house  and  renamed  the  Home 
Economics  Lodge.  The  house  has  been  a  center  of  interest  to  persons 
studying  household  problems  throughout  the  State,  and  it  has  furnished 
a  useful  object  lesson  to  the  students  in  the  Department. 

The  cafeteria. —  The  cafeteria  in  the  basement  of  the  Home  Economics 
Building  has  been  thoroughly  equipped.  The  object  is  to  furnish  meals 
at  as  low  a  rate  as  possible,  taking  into  consideration  the  expense  of 
running,  cost  of  food,  upkeep  of  the  place,  and  a  reasonable  interest  on 
the  investment. 

Another  important  object  is  to  offer  to  the  students  in  the  Department 
a  practical  knowledge  of  the  serving  of  large  numbers  of  persons,  since 
that  is  an  important  feature  in  home-economics  education.  With  this 
in  view  several  women  students  registered  in  the  Department  are  employed. 
They  are  paid  by  the  hour  and  they  buy  their  meals  as  do  all  other 
students.  The  heavier  part  of  the  student  work  is  done  by  men  in  the 
University  —  students  who  wish  to  be  self-supporting.  In  addition  there 
are  employed  for  regular  work  a  cook  and  an  assistant,  a  baker  and  an 
assistant,  a  man  to  manage  the  dish-washing,  a  pot-washer,  and  a  cleaner. 
An  engineer,  who  is  an  assistant  to  the  engineer  of  the  College  of  Agri- 
culture, is  employed  to  care  for  the  machinery,  since  much  of  the  equip- 
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ment,  including  cold  storage,  is  run  by  power.  The  cafeteria  is  in  charge 
of  a  graduate  of  the  Department. 

During  Farmers'  Week  meals  were  served,  with  imperfect  equipment, 
to  eight  hundred  to  one  thousand  persons  daily.  The  cafeteria  was  then 
closed  in  order  that  the  equipment  might  be  completed,  and  was  opened 
again  on  April  lo. 

From  April  lo  to  Jtme  i8,  the  number  of  meals  served  in  the  cafeteria 
was  27,520.  During  the  summer  session  of  six  weeks  there  were  served 
36,971  meals,  making  a  total  of  64,491  meals  served  since  the  opening 
of  the  cafeteria  on  April  10,  1913.  Uo  to  the  beginning  of  the  present 
year  only  two  meals  were  served  daily,  Sundays  omitted.  There  is  a 
demand  for  serving  three  times  daily,  with  Sunday  serving,  for  those 
who  are  dependent  on  the  cafeteria  throughout  the  week. 

A  building  at  Forest  Home  has  been  rented  by  the  Department  in 
which  to  house  the  help,  in  the  belief  that  greater  contentment  and 
efficiency  will  be  thereby  secured. 

TEACHING 

The  ntmiber  of  courses  offered  by  the  Department  was  as  follows: 
first  term,  8;  second  term,  12;  Winter  Course,  5. 

The  nimiber  of  teaching  hours  was:  First  term:  lectures,  9;  laboratory 
periods,  3.  Second  term:  lectures,  20;  laboratory  periods,  17.  Winter 
Course:  lectures,  13;  laboratory  periods,  io. 

The  approximate  number  of  students  in  the  department  was  as  follows: 

Freshmen 50 

Sophomores 40 

Juniors ^.  30 

Seniors 12 

Students  from  other  departments  and  colleges 80 

Winter-course  students 57 

Total 269 


New  courses. —  Three  new  courses  were  added  to  the  departmental 
curricultmi:    Sewing,  Extension,  and  Institution  Management. 

The  need  for  development  is  urgent,  and  it  is  recommended  that  as 
soon  as  possible  the  Department  be  supported  on  such  a  financial  basis 
as  to  enable  it  to  rightly  maintain  its  imdergraduate  courses  and  to 
develop  graduate  and  research  work.  The  growth  of  the  Department 
has  been  greater  than  its  possibilities  of  development,  and  if  the  Depart- 
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ment  is  to  be  maintained  in   a  vigorous  condition   the  two   factors, 
growth  and  development,  should  coexist. 

The  success  of  the  lodge  as  a  practical  laboratory  has  encouraged  the 
hope  that  several  houses  of  similar  type  may  become  a  part  of  the  property 
of  the  Department.  It  is  recommended  that  this  matter  be  given  full 
consideration,  and  that  as  any  house  in  the  vicinity  of  the  Home  Econo- 
mics Building  is  vacated  it  be  considered  as  a  possible  practice  house 
for  the  Department, 

INVESTIGATION 

No  important  work  of  investigation  has  been  undertaken  in  the  past 
year.  Under  present  conditions  investigation  is  impossible,  since  the 
funds  at  the  disposal  of  the  Department  are  limited  and  are  not  sufficient 
to  maintain  and  develop  both  graduate  and  undergraduate  work. 

EXTENSION 

Extension  in  home  economics  consists  of  Reading-Course  lessons  pub- 
lished monthly;  lectures  at  grange  meetings  or  before  other  groups,  relating 
to  rural  life;  organization  of  clubs  and  cooperation  with  them  in  their 
work;  correspondence  with  readers,  club  members,  and  others  desiring 
Reading-Course  lessons  or  other  information;  farmers'  institutes;  exten- 
sion schools;  farm  cars;  and  a  class  in  extension  in  home  economics. 
A  three-months  winter  coiu^e  is  given  for  farmers*  wives,  and  a  course 
of  lectures  is  held  during  Farmers*  Week  for  the  Home-makers'  Conference. 

Cornell  Reading-Course  for  the  Farm  Home. —  The  following  statement 
shows  the  number  of  readers  and  of  study  clubs: 

Number  of  readers  October  i,  1912 16,041 

Number  of  readers  September  30,  1913 28,446 

New  readers  during  year 12 ,405 

Number  of  study  clubs  October  i,  1912 53 

Number  of  study  clubs  September  30,  1913 66 

New  dubs  during  year 13 

Requests  for  lessons  from  residents  of  New  York 

State 14,915 

Requests  for  lessons  from  residents  of  other  States.  980 

Total  number  of  requests 15 ,895 

The  distribution  of  lessons  outside  the  State  is  largely  confined  to 
teachers,  librarians,  institute  workers,  and  grange  lecturers.  Requests 
come  from  schools  within  the  State  in  growing  numbers.  The  limited 
number  of  lessons  printed  permits  only  the  sending  of  sufficient  numbers 
for  the  use  of  instructors  and  for  library  piuposes,  except  in  rare  cases. 


Digitized 


by  Google 


Department  of  Home  Economics  cxv 

The  following  lessons  were  published  in  the  Cornell  Reading-Course 
for  the  Farm  Home: 

25.  Saving  strength.     Emily  M.  Bishop  and  Martha  Van  Rensselaer. 

27.  Choice  and  care  of  utensils.     Ida  S.  Harrington. 

29.  Cost  of  food.     Flora  Rose. 

31.  Household  bacteriology.    Martha  Van  Rensselaer. 

33.  Vegetable-gardening.    Albert  E.  Wilkinson. 

35.  The  flower  garden.    Albert  E.  Wilkinson. 

37.  Home  economics  at  the  New  York  State  Collie  of  Agriculture. 
Martha  Van  Rensselaer. 

39.  The  farmhouse.    Helen  Binkerd  Yoimg. 

41.  Rules  for  planning  the  family  dietary.    Flora  Rose. 

43.  The  box  luncheon.     Clara  Browning. 

45.  Hints  on  choosing  textiles.     Bertha  E.  Titsworth. 

47.  A  canning  business  for  the  farm  home.  Claribel  Nye  and  Bessie 
Earll  Austin. 

Extension  schools, —  Extension  schools  in  home  economics  were  held  in 
cooperation  with  the  extension  schools  in  agriculture  conducted  by  the 
Department  of  Extension  Teaching  of  the  College.  The  schools  lasted 
for  five  days,  with  one  session  daily.  In  order  to  secure  the  school  a 
regular  attendance  of  twenty-five  or  more  persons  throughout  the  week 
was  required.  A  fee  of  seventy-five  cents  was  charged,  to  pay  for  the 
expense  of  material  used  by  members  of  the  class.  One  food  demonstra- 
tion occupying  two  or  three  hoiu^  of  each  day,  with  lectures  throughout 
the  week,  constituted  the  work  of  the  school.  Considerable  equipment 
was  furnished  by  local  aid.  A  traveling  equipment  was  sent  from  school 
to  school,  consisting  of  lesson  studies,  reference  books,  bulletins,  and  the 
necessary  apparatus  for  demonstration  purposes.  A  local  chairman  was 
appointed,  who  cooperated  with  the  person  in  charge  in  conducting  the 
school.  Nine  extension  schools  were  conducted  by  the  Department 
during  the*  year. 

Extension  class.— A  two-hours  elective  course  in  extension  of  home 
economics  was  given,  open  to  juniors  and  seniors,  for  the  purpose  of  teach- 
ing the  principles  of  extension  work  to  students  interested  in  rural  teaching. 
Students  in  the  class  were  sent  out,  imder  supervision  of  the  instructor, 
to  rural  schools  near  Ithaca  to  give  instruction  and  demonstrations  in 
domestic  science.  These  students  also  visited  several  study  clubs.  Some 
erf  the  students  in  this  class  are  now  prepared  to  do  extension  work  for 
the  Department.  There  were  fifteen  rural  schools  in  which  instruction 
was  given  by  this  dass. 
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Home  Economics  car. —  In  June  an  arrangement  was  made  through  the 
Agriculturist  of  the  Lehigh  Valley  Railroad,  whereby  the  Department  of 
Home  Economics  was  given  the  use  of  a  remodeled  dining  car  for  exhibi- 
tion and  demonstration  purposes.  The  exhibit  prepared  consisted  of  a 
small  dining  room,  showing  principles  of  table-setting  and  choice  of  wall 
paper  and  curtains  for  a  dining  room.  Other  phases  of  house-plaiming 
and  decoration  were  illustrated  by  plans  of  farmhouses,  both  old  and 
remodeled,  also  by  charts  showing  wall  paper  and  furnishings  suitable  for 
various  rooms. 

In  the  subject  of  foods  the  exhibit  furnished  himdred-calorie  portions, 
cans  of  fruit  and  vegetables  showing  various  processes  by  which  these 
may  be  preserved,  and  a  small  canning  outfit  similar  to  those  used  by 
canning  dubs  in  the  South.  Economy  in  jelly-making  processes  was 
shown  by  jelly  made  from  different  extractions  of  currant  pulp.  This 
excited  considerable  interest  among  housekeepers  because  the  season  was 
that  of  jelly-making. 

A  new  type  of  homemade  fireless  cooker  was  exhibited.    The  demon 
stration  lecture  on  the  principles  and  construction  of  this  fireless  cooker 
was  received  with  great  interest. 

The  exhibit  included  a  rural-school  cabinet  built  and  equipped  for  the 
purpose  of  showing  the  feasibility  of  introducing  a  course  in  domestic 
science  in  the  rural  schools  of  the  State.  Lists  and  prices  of  equipment 
were  furnished  to  teachers  who  were  interested. 

By  means  of  day  models  a  lesson  in  sanitation  was  shown  of  a  run- 
down, insanitary  back  yard  contrasted  with  one  up-to-date  in  every  way. 

Children's  dothing,  and  work  dresses  for  women,  approved  as  hygienic 
and  labor-saving,  were  exhibited.  In  order  that  this  clothing  might  be 
duplicated,  details  for  making  were  included  in  the  exhibit. 

The  car  was  exhibited  for  nearly  three  weeks,  the  following  places 
being  reached:  Ovid,  Stanley,  Interlaken,  Trumansburg,  Ithaca,  Spencer, 
Sayre,  Milan  (Pennsylvania),  Cortland,  New  Woodstock,  and  Cazenovia. 
The  average  number  of  persons  who  visited  the  car  was  about  fifty.  Two 
members  of  the  Department  were  with  the  car,  assisted  by  members  of 
the  class  in  extension.  The  exhibits  in  the  car  were  explained  and  demon- 
stration lectures  were  given. 

Lectures, —  A  member  of  the  staff  employed  as  an  extension  worker  was 
given  a  three-months  leave  of  absence  in  order  that  she  might  assist  in 
the  work  at  farmers*  institutes  imder  the  direction  of  the  State  Depart- 
ment of  Agriculture.  As  opportimity  was  offered,  other  members  of  the 
rtaff  gave  lectures  throughout  the  year  at  granges,  extension  schools, 
Cornell  study  dubs,  and  meetings  hdd  in  the  interests  of  agriculture  and 
home  economics.    The  number  of  meetings  attended  during  the  year 
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was  one  hundred  and  twenty-five;  the  number  of  lectures  given  was  one 
hundred  and  ninety-three. 

Recommendations. —  As  early  as  possible  it  is  hoped  that  the  appropri- 
ation for  extension  in  Home  Economics  may  be  sufficient  to  include 
teaching,  in  rural  communities,  the  practical  arts  suited  to  rural  life. 
Such  teaching  should  have  special  reference  to  the  farm  girls  who  may 
thereby  find  remunerative  labor  at  home,  thus  encouraging  them  to  remain 
and  contribute  their  share  toward  rural  progress  both  in  the  community 
and  in  the  home. 

FLORA  ROSE, 

MARTHA  VAN  RENSSELAER. 

Professors  of  Home  Economics. 
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DEPARTMENT  OF  METEOROLOGY 

TEACHING 

During  the  past  year  219  students  received  instruction  in  meteorology 
and  climatology  in  the  courses  offered  by  this  Department.  The  numbers 
registered  in  the  several  courses  were  as  follows :  Regtilar  course  in  Meteor- 
ology and  Climatology,  170;  Stimmer  School,  46;  Graduate  School,  3. 

INVESTIGATION 

Two  lines  of  investigation  have  been  imdertaken  during  the  past  year, 
namely,  the  influence  of  the  smaller  bodies  of  water  in  the  State  on  the 
temperature  of  adjacent  regions,  and  a  correlation  study  of  the  relation 
of  rainfall  to  the  yield  of  hay  in  this  State.  These  investigations  are  not 
yet  completed. 

EXTENSION 

Extension  work  by  this  Department  has  been  limited  to  filling  a  number 
of  engagements  made  through  the  Department  of  Extension  Teaching. 
As  in  past  years,  the  Department  has  collected  climatological  data  from 
about  one  hundred  and  twenty-five  cooperative  stations  in  the  State. 
These  data  have  been  published  in  tabular  form  and  discussed  in  the 
Monthly  Weather  Review. 

WILFORD  M.  WILSON, 

Professor  of  Meteorology. 
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EXTENSION  DEPARTMENT 

TEACHING 

The  three  courses  in  extension  teaching  that  were  given  during  the 
past  year  aimed  to  bring  the  students  into  closer  touch  with  the  agri- 
cultural affairs  in  their  communities,  through  study  of  the  principles  of 
organization  and  through  practice  in  writing  on  and  in  presenting  country- 
life  subjects.  Parliamentary  practice  was  given  in  connection  with 
Course  2.  The  registration  in  these  three  courses  was  much  greater 
than  that  of  the  previous  year;  there  were  107  students  registered  in 
course  i,  62  in  coiu-se  2,  and  39  in  course  14  (in  the  Winter  Courses). 
Each  student  received  individual  attention  each  week,  through  a  personal 
appointment  covering  thirty  minutes.  This  individual  work  is  considered 
a  strong  part  of  the  courses.  It  formed  the  equivalent  of  eleven  labora- 
tory periods  of  three  hours  each  for  course  i,  six  laboratory  periods  of 
three  hours  each  for  course  2,  and  three  laboratory  periods  of  three  hours 
each  for  cotu^e  14. 

A  larger  number  of  students  competed  for  the  Eastman  Stage  in  public 
speaking  than  was  the  case  in  the  previous  year.  Over  fifty  entered 
the  first  competition.  The  winter-coiu^e  stage  received  attention  from 
the  members  of  the  staff,  as  well  as  the  winter-coiu-se  debate  for  the 
Morrison  cup. 

EXTENSION 

The  extension  activities  of  the  College  arranged  through  the  Extension 
Department  followed  mainly  the  lines  of  the  preceding  year.  More 
attention  was  given  to  lecture  courses  and  other  continuous  work.  The 
extension  schools  were  increased  in  number  and  have  now  come  to  be 
recognized  as  a  strong  factor  in  the  extension  work.  Requests  for  lectures 
by  members  of  the  college  staff  before  county  and  subordinate  granges, 
fairs,  agricultural  and  horticultural  clubs,  farmers'  and  teachers*  insti- 
tutes, dairymen's  and  poultrymen's  associations,  schools,  churches.  Young 
Men's  Christian  Associations,  and  farmers'  picnics  were  filled  whenever 
possible.  In  addition  to  the  activities  arranged  by  the  Extension  Depart- 
ment, many  others  were  conducted  directly  by  the  other  departments 
concerned.  Notice  of  such  activities  should  appear  in  the  departmental 
reports. 

Lectures  and  meetings 

Directly  on  the  funds  of  the  Extension  Department  there  were  given 
304    lectures    with    an    attendance    of    26,756    persons,    as   is  shown 

[crixl 
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below,    and  40  lectures  in  addition  the  attendance  at  which  was  not 
reported: 


County 


MeetingB 


Attendance 


Number  of 

meetings 

with 

attendance 

not  reported 


Albany 

Allegany 

Broome 

Cattaraugus. . 

Cayuga 

Chautauqua.. 

Chemung 

Chenango.... 

Clinton 

Cortland 

Dutchess .... 

Erie 

Essex 

Franklin 

Pulton 

Genesee 

Greene 

Herkimer .... 

Jefferson 

iCinj^ 

Livmgston . . . 

Madison 

Monroe 

Montgomery . 

Nassau 

Niawa 

Oneida 

Onondaga.... 

Ontario 

Orange 

Orleans 

Oswego 

Otsego 

Queens 

Rensselaer . . . 

Rockland 

St.  Lawrence. 

Saratoga 

Schenectady.  . 
Schoharie. . . . 

Schuyler 

Seneca 

Steuben 

Suffolk 

Sullivan 

Tioga 

Tompkins.... 

Ulster 

Warren 

Washington.. 

Wayne 

Wyoming. . . . 
Yates 

Total.... 


3 

a 
5 
3 

I 
3 
3 

X 

9 
7 
8 
9 

X 
X3 

X 

as 

s 

X 

zo 

I 
7 

304 


X.530 
200 
835 
33S 

x.9oa 

x.87a 


asx 
soo 
59X 


60 

6a 

aao 

soo 

x68 

2$ 

400 

a7S 

67s 

a,3a7 

u 

78s 
1.965 

ago 

x.oao 

x,xo6 

3S5 

a69 

164 

142 

SO 

xox 

64s 

laS 

36s 
330 
737 
Sao 
130 
498 

40 

x,74X 

aso 

ao 


8xx 
a6,756 
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The  following  meetings  were  arranged  during  the  year;  those  marked  with 
an  asterisk  were  arranged  through  the  Department  of  Poultry  Husbandry: 


Town 

Date 

Nature  of  meeting 

Speakers  from  College 

Danby 

October    x 
October    a 
October    4 
October    s 
October    8 
October    8 
October    9 
October  10 

October  xx 

October  11 

October  xs 

October  x6 

October  16 

October  16 

October  17 

October  x8 

October  19 

October  19 

October  aa-as 

1       October  aa 

October  aa 

October  a4 

October  34 

October  as 

October  as 

October  a6 

October  a8 

November  x 

November  i 

November  i 

November  s 

November  7 

November  7 

November  8-9 

November  8 

November  8 

November  8 

November  9 

November  9 

Nov.  XX-X3 

November  ix 
November  ix 

Nov.  I  a- IS 
November  xa 
November  xa 
November  14 
November  is 

Nov.  i8-ao 
November  18 
November  19 
November  ao 
November  ao 
November  ai 
November  ai 
November  a  2 
November  23 

Nov.  as-27 
November  a7 
November  a9 
November  30 
December  a-7 

December  3-7 

December  4 

December  6 

December  9-14 

Lecture 

W.  G.  Krum 

Walton 

Conference 

Professor  Tuck 

Painted  Port 

Lecture 

Miss  McCloskey 
Mrs.  Harrington 
Mr.  Krum 

New  Woodstock 

Lecture   

Jacksonville* 

Lecture 

Alpine 

Lecture      ... 

Professor  Minns 

Brockton* 

Lecture 

Mr.  Krum 

WiUow  Creek* 

Lecture 

Mr.  Knmi 

Blmira 

Lecture 

E.  W.  Benjanun 
Mr.  Knmi 

Ithaca 

Rural  teachers'  conference 
Farm  visit 

StittviUe 

Professor  Minna 

Mohawk   

Professor  Minns 

Herkimer 

Lecture 

Mr.  Krum 

Poland           

Conference   

Professor  Tuck 

Penn  Yan 

Lecture 

R.  L.  Edwards 

Rome*   .                 

Mr.  Krtun 

Ithaca 

Meeting  of  county  agents 

Poughkeepsie 

Herlcimer 'county 

Lectures 

Mr.  Krum 

Schuyler 

Lecture 

Mr.  Krum 

Jonlanville. 

Mr.  Krum 

Warsaw                   

Conference                   .... 

Professor  Tuck 

Russia 

I,,ecture 

Mr.  Krum 

Sinclairville 

Conference 

A.  C.  King 

Rome   

H.  B.  Winters 

Nnrth  HirlffA                    

Lecture                      

A.  C.  King 
R.  P.  Trask 

Cazenovia* 

Lecture 

Hancock 

Professor  Cavanaugh 

Nnrth  Rftnffor , . . . . 

Conference 

Professor  Tuck 

Bath 

I^ecture 

Professor  Ross 

Corning* 

Lecture 

Mr.  Krum 

Orrs  Mills* 

Lecture   

Mr.  Krum 

Auburn* 

Lecture 

Mr.  Krum 

Mr.  Krum 

Cornwall* 

Lecture 

Mr.  Krum 

Newark 

Lecture 

Mrs.  Harrington 
Dr.  W.  M.  Wilson 

Newark  Valley 

Lecture 

Jacksonville t  - 

Lecture 

Professor  Barrus 

Meadowdale 

Lecture 

Mr.  Krum 

Atlanta.  Georffia 

American  Association  of  Farm- 
ers Institute  Workers 
Liccture      . .        

Mexico     

Mayville 

Lecture 

Professor  Tuck 

Middletown* 

L.  M.  Hurd 

Middleport 

Lecture 

Professor  Tuck 

Warsaw                 

Farm  visit. ... 

Gaines 

Lecture 

Professor  Tuck 

Ovid     .                   

Lecture      

New  York  City* 

Lectures 

Mr.  Krum 

Tallman*          

Lecture     

Mr.  Krum 

Spring  Valley* 

Lecture 

Mr.  Krum 

New  York  City* 

Lecture   

Mr.  Hurd 

New  City* 

Lecture 

Mr.  Krum 

Yonkers*                  

Lecture      

Mr.  Hurd 

McGraw 

Lecture 

Professor  Mann 

Moravia. . .             

L^ecturc      

Mrs.  Harrkigton 

Lecture                           ..... 

Mr.  Krum 

Geneva. .                

Normal  Institute   

Institute  workers 

Oswego 

Conference 

Professor  Tuck 

Newark               

Professor  Fippin 

Cuylcr                           

Lecture                 

Professor  Savage 

North  Rose  "  *  *      

Extension  school 

L.  S.  Tenny 

New  York  City* 

Empire  Poultry  Association. . . 
Lecture 

Mr.  Krum 
Professor  Fippin 
A.  E.  Wilkinson 
A.  C.  King 
L.  M.  Hurd 

South  Pramingham,   Massa- 
chusetts   .        

Professor  Rice 

Hepburn ville,  Pennsylvania. 

Lecture  

Professor  Tuck 

Extension  school 

Professor  Minns 

Mr.  Hurd 
Professor  Hopper 
W.  L.  Markham 
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Town 


Peny 

Derby 

Rochester 

Verona 

Elmira* 

Monticello 

Oswego 

Canandaigua* 

Salamanca 

Olean* 

Cohoes 

Geneva* 

Marcellus 

Newark 

Breakabeen 

East  Bloomfield 

Union  Springs* 

Gilboa 

State  College,  Pennsylvania* 
Mexico 

Oneonta 

Owepo 

Elmira 

Watkins 

Romulus 

Auburn 

Poland 

Buffalo 

Venice  Center 

Penn  Yan 

Binghamton 

Albany 

Auburn 

Elmira* 

Rochester* 

SUver  Creek 

Rushville 

Sinclairville 

Rcraulus 

Forestville 

Gouvemeur 

Utica , 

Waddington 

Atwater 

Wolcott 

Lowville 

North  Bangor 

Massena 

Winthrop 

Morrisville* 

Lawrenceville 


December  9-14 


December  9 
Dec.  XI-13 

December  11 
December  13 
December  13 
December  14 

December  16 
Dec.  16-31 


Dec.  17-21 
December  18 
December  19 
December  19 
December  20 
December  20 
December  20 
December  27 

Dec.  27-28 

December  28 

Dec.  30-Jan.  4 


Dec.  30-Jar"  4 


/anuary  2 
/anuary  3 
.  anuary  3 
.anuary  4 
January  6 
January  6-1 1 


i  anuary  7 
anuary  7 
anuary  7 
January  7-10 
January  9 
January  9 
January  10 
January  10 
January  11 
January  11 
January  13-18 


lanuary  15 
anuary  15 
anuary  17 
antiary  17 
anuary  20 
anuary  20 
January  20 
January  20-25 


January  30-25 


January  21 

January  22-23 

Tanuary  22 

January  23 


Nature  of  meeting 


Extension  school 

Lecture 

New  York  State  Horticultural 
Society 

Lecture 

Lecture 

Lecture 

Fruit  Growers'  Association . . 

Lecture 

Extension  school 

Poultry  show 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lectures 

Lecture 

Extension  school 

Extension  school 

Lecture 

Conference 

Conference 

Lecture 

Conference 

Extension  school 

Lecture 

Lecture 

Conference 

Lectures 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Extension  school 

Conference 

Lecture 

Lecture 

Lecture 

Farmers'  Institute 

Lecture 

Lecture 

Extension  school 

Extension  school 

Farmers*  Institute 

Farmers'  Institute 

Lecture 

Farmers'  Institute 


Speakers  from  College 


Professor  Pippin 
R.  P.  Mcpherson 
Mr.  Markham 
T.  H.  Kinff 
B.  B.  Robb 


Royal  Gilkey 
Mr.  Krum 
Professor  Tuck 
Professor  Reddick 
Professor  Herrick 
Mr.  Krum 
Mr.  McPherson 
Professor  Hopper 
Mr.  Markham 
Professor  Pippin 
Mr.  Trask 
Professor  Savage 
Professor  Rice 
Professor  Tuck 
H.  B.  Knapp 
Professor  Wmg 
Professor  Tuck 
Mr.  Hurd 
Mr.  Hurd 
Professor  Rice 
Professor  Minns 
Harry  King 
Professor  Hopper 
Mr.  Markham 
Mr.  Hurd 
Mr.  McPherson 
Pn^essor  Hopper 
Mr.  Markham 
Mr.  Trask 
Professor  Tuck 
Professor  Tuck 
Professor  Tuck 
Professor  Tuck 
Professor  Tuck 
Professor  Fippin 
Mr.  Markham 
Professor  Myers 
Professor  Hopper 
Professor  Bamis 
Mr.  Wilkinson 
Professor  Tuck 
Professor  Tuck 
Professor  Tuck 
Mr.  Trask 

Professor  Montgomery 
Mr.  Krum 
Professor  Rice 
E.  L.  Markell 
Professor  Ross 
A  C.  Kinff 
Professor  Hopi>er 
Mr.  Hurd 
Professor  Fippin 
Professor  Tuck 
A.  C.  King 
Professor  Tuck 
Professor  Love 
Professor  Tuck 
Professor  Van  Rensselaer 
Professor  Fippin 
Professor  Mmns 
Mr.  Trask 
Mr.  Knapp 
Professor  Hopper 
A.  C.  Kinff 
Professor  Hopper 
Mr.  Markham 
Professor  Barrus 
Professor  Tuck 
P.  )fcssor  Tuck 
Mr.  Benjamin 
Professor  Tuck 
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Town 


Nature  of  meeting 


Speakers  fxxnn  College 


Albany* 

GreiKSville .  . . 

Bonibay 

Bellona 

Batavia*.  .  .  . 

Newfane 

Southampton 


Kinderhook... 

Nassau 

Enfield 

Canton 

Breakabeen . . . 
Par  Rockaway 
Ravena 

LeRoy 

Clayton* 

Groton 

Cohoes 

Albany 

Wyoming 

Townsend  villa. 

Bellona 

Portland 

Newficld 

Gouvcmcur*. . 
Lockport 


Alden 

Albany 

Syracuse 

Marlborough. . . 
Geneseo 

Mountainville.. 

Palatine  Bridge. 

Waterburg 

WatkinB 

Bellona 

Port  Byron .... 
Ticonderoga 

East  Bkxnnfield 


Albany . . . . 
Alfred*. . . . 
Walworth.. 
Dtydcn*... 
Barker .  .  . . 
Watertown 


January  aa 

January  33 

January  24-2S 

January  24 
anuary  as 
anuary  25 
Jan.  27-Peb.  a 


Jan.  27-Feb.  2 


January  27 
anuary  38 
anuary  29 
anuary  31 
anuary  31 
Febrtiary  3-8 


February  3-8 


February  4-6 

February  4 

February  s 

February  6 

February  6 

February  6 

February  7 

February  15 

February  is 

February  17 

February  17-22 


February  17-22 


February  17 

February  21 

February  21 

Fcb.34-Mar.  i 


Feb.  34-Mar.  I 


February  26 
February  37 
February  27 
February  28 
February  28 
March  3-8 


March  3-8 


March  6 
March  6 
March  7 
March  8 
March  8 
March 


lo-is 


Lecture 

Lecture 

Farmers'  Institute 

Lecture 

Lecture 

Lecture 

Extension  school. . 

Extension  school    . 

Lecture 

Lecture , 

Lecture , 

Lecture 

Lecture 

Extension  school . . 

Extensbn  school. . 

Lectures 

Lecture 

Lecture 

Lecture 

Lecture 

Lectxure , 

Lecture 

Lecture 

Lecture 

Lecture 

Extension  school.  . 

Extension  school . . 

Lecture , 

Lecture 

Lecture 

Extension  school .  . 

Extension  school . . 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Extension  school . . 

Extension  school. . 

Lecture , 

Lecture 

Lecture 

Lecture 

Lecture 

Extension  school. . 


Mr.  Benjamin 
Professor  Cavanaugh 
Professor  Tuck 
Professor  Cross 
Professor  Rogers 
Professor  Herrick 
Professor  Pippin 
Mr.  Kurd 
Mr.  Wilkinson 
Mr.  Markham 
Professor  Barrus 
Professor  Hopper 
Mr.  Krum 
Professor  Stone 
Mr.  Tcnny 
Mr.  Krum 
Professor  Savage 
Professor  Myers 
Mr.  Knapp 
J.  Van  Wasenen 
Professor  Hopper 
Professor  Myers 
Professor  Cross 

A.  C.  King 
Mr.  Krxun 
Mr.  Markham 
Professor  Barrus 
Mr.  Hurd 
Professor  Davis 
Professor  Cross 
Mr.  Trask 
Professor  Sprixig 
Professor  rippin 
Professor  Pippin 
Mr.  Wilkinson 

B.  D.  Wallenbeck 
Mr.  Knmi 

A.  C.  Kinff 
Professor  Pippin 
Professor  Barrus 
L.  P.  Strickland 
Mr.  Hurd 
Professor  Minns 
Professor  Hopper 
Mr.  Trask 
Mr.  Knun 
Professor  Tuck 
Professor  Cavanaugh 
Professor  Hopper 
Mr.  Hurd 
S.  Fraser 
Professor  Warren 
Doctor  Dunham 
A.  C.  King 
Mr.  Krum 
Mr.  Markham 
F.  S.  Hayden 
Mr.  Wilkinson 
Professor  Tuck 
Professor  Stone 
Professor  Wing 
Mr.  Knapp 
Mr.  Krum 
Mr.  Markham 
Mr.  Knapp 
Professor  Cross 
A.  C.  King 
Professor  Pippin 
Professor  Barrus 

C.  R.  White 
Professor  Stone 
Professor  Rogers 
Mr.  Trask 
Professor  Pippin 
Mr.  Benjamin 
Director  Bailey 
Professor  Myers 
Mr.  Markham 
Professor  Wing 
F.  E.  Robertson 
Professor  Stone 
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Town 

Date 

Nature  of  meeting 

Speakers  from  College 

Holley 

March  xo-is 

March  xo 
March  xo 
March  xo 
March  ii 
March  la 
March  13 
March  13 
March  X4 
March  X7~32 

March  17 

March  17 

March  17 

March  18 

March  18 

March  18 

March  19 

March  20 

March  20 

March  20 

March  20 

March  21 

March  21 

March  21 

March  22 

March  22 

March  22 

March  25 

March  25 

March  28 

March  29 

March  29 

March  29 

April  I 

April  3 

April  3 

ApiJl  3 

April  4 

April  4 

April  5 

April  s 

April  7 

April  7 

April  8 

April  10 

April  IX 

April  IS 

April  IS 

April  17 

April  18 

April  19 

April  19 

April  22 

April  25 

April  25 

April  25 

May  7 
May  10 
May  13 
May  15 
May  16 
May  J I 
Junt  2 
Junt  4 
June  5 
June  6 
June  6 
June  7 
.  une  7 
June  7 

Professor  Pi]>pin 
T.  H.  King.  jr. 

Mr.  WUkinaon 

Derby 

Cato 

Lecture 

Mr.  Krum 

Meridian 

Lecture. 

Mr.  Krum 

Bellona* 

Lecture 

Mr.  Krum 

Fleming 

Lecture 

Professor  Cavanaugh 

Gates 

Lecture '. 

Professor  Pippin 
Professor  Tuck 

Ripley 

Lecture .    .             

Cheshire 

Lecture 

Professor  Pippin 

Johnstown 

Extension  school .,,..,.... 

Mr.  Knmi 

Rochester 

Lecture .         

H.  L.  Ayr« 
Professor  Stone 
Professor  Barrus 
Professor  Tuck 

Lecture 

Mr.  Krum 

Atwater 

Lecture 

Mr.  Knapp 

Gloversville* 

Lecture 

Mr.  Krum 

Alfred 

Lecture 

Professor  Tuck 

Buffalo.. 

Lecture 

Mr.  Wilkinson 

Ossining* 

Lecture 

Mr.  Krum 

AlbanyT 

Lecture                   

Mr.  Krum 

Ithaca 

Lecture  at  College 

M.  G.  Kaini 

Lecture .  .               ... 

Professor  Tuck 

Jamaica 

Lecture 

Mr.  Wilkinson 

iPayetteville 

Lecture ...          

Greigsville 

Lecture 

T.  Baton 

Jamaica 

Lecture 

Mr.  Wilkinson 

Honeoye 

Lecture 

Mr.  Krtmi 

Honeoye 

Lecture .                 ....... 

Professor  Bentley 

Jamaica 

Lecture 

Mr.  Wilkinson 

Jordan 

Professor  Rogers 

Buffalo 

Lecture 

Mr.  Wiikinscm 

Aurora 

Lecture 

Professor  Love 

Lyons 

Lecture 

Miss  Knowlton 

Rose 

Lecttue ...         

Professor  Davis 

Cortland 

Lecture 

F.  E.  Rogers 
Mr.  Willunson 

Buffalo 

Lecture 

Breakabecn 

Lecture 

Professor  Cross 

Honeoye 

Lecture 

Mr.  Krum 

Syracuse 

Lecture 

Professor  Bentley 

Red  Creek 

Lecture 

Professor  Wing 

Brooklyn .  .             

Lecture               

Professor  Wilson 

Cochecton  Center 

Lecture 

Professor  Cross 

Sherman 

Lecture 

Mr.  Krum 

Holley* 

Lecture 

Professor  Rice 

Aurora 

Lecture 

Professor  Van  Rensselaer 

Buffalo 

Lecture 

Mr.  Wilkinson 

Odessa 

Lecture 

Professor  Wing 

Brooklyn 

Lecture 

Professor  Wilson 

Buff^ln 

Lecture 

Mr.  Wilkinson 

Frankfort 

Lecttire 

Professor  Stone 

Merrifield 

Miss  Knowlton 

Brooklyn 

Lecture 

Professor  Wilson 

North  Wolcott 

Lecture 

Mr.  Knapp 

Waterloo 

Lecture 

Miss  Knowlton 

Buffalo 

Lecture 

Mr.  WiUdnaon 

Brooklyn .  .             

Lecture 

Professor  Wilson 

Fleming 

Lecture 

Miss  Knowlton 

Frewsburg 

Lecture 

H.  B.  Rogers 
Professor  Pippin 

Honeoye 

Lecture 

Ovid 

Lecture 

Mr.  Wilkinson 

Rock  Stream 

Lecture 

Professor  Cavanaugh 

Derby 

Lecture 

Sherwood 

Lecture 

Professor  Bentley 

Mecklenburg 

Lecture 

Little  Falls 

Lecture 

Miss  Knowlton 

Syracuse* T. 

L«ecture 

Professor  Rice 

Ovid 

Lecture           

Professor  Stone 

West  Niles 

Lecture 

Professor  Stone 

Lecture 

Mr.  Benjamin 

Dresserville 

Lecture 

Professor  Stone 

Trumansburg .    . 

Lecture 

Professor  Van  Rensselaer 

Interlaken 

Lecture 

Professor  Barrus 

nSSSK;.. ;::.:;;::::::: 

Mr.  Wilkinson 

Professor  Troy 
Prof  essor  Savage 
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Date 


Nature  of  meeting 


Speakers  from  College 


Derby 

Cortland 

Gates 

Newf ane 

Sennett 

Watcrville 

Ithaca 

New  Berlin .  .  .  . 
Ithaca 

Ithaca 

Ithaca 

Baatport 

East  Groveland 

Watcrtown 

East  Groveland 
Bolton  Landing 

Odessa 

Conklin  Center. 

Olcott 

Wcedsport 

Dresserville .  . . . 
Pour  Town .  .  .  . 
Scipio  Center.. 
Port  Byron  .  .  . . 

Cortland 

Ballston  Lake. . 

Richford 

Springport 

Willets 


June  9 
June  II 


June  13 
une  14 
une  17 
June  aa-a? 

June  34 

June  35 
June  36 

June  36 

June  37 

June  38 

iuly  3 
uly  3 
ulya 
Ttuy  36 
July  36 
August  7 
August  8-9 
August  8 
August  13 
August  I J 
August  14 
August  14 
August  19 
August  31 
August  33 
August  35 
September  3S 


Lecture 

Parm  visit 

Lecture 

Lecture 

Lecture 

Extension  school 

Grange  Day  at  College  of  Agri- 
culture 

Lectxire 

Annual  visit  to  College  of  Stan- 
lejr's  boys  from  Elmira 

Picnic  from  Barton.  New  York, 
at  College 

School  Day  at  College  of  Agri- 
culture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Pruit  growers*  meetmg 

Lecture 

Lecture 

Lecture 

Lecture 

Lecture 

Conference 

Lecture 

Lecture 

Lecture 

Lecture 


R.  H.  Wheeler 
Mr.  Wheeler 
Professor  Stone 
Professor  Savage 
Miss  Genung 
Professor  Pippin 
Professor  Barrus 
D^artroent  of  Home 
Economics 


Professor  Pippin 


Professor  Rice 
Pn^essor  Pippin 
Professor  Savage 
Professor  Stone 
Professor  Savage 
Miss  Genung 
Professor  Ross 
Mr.  Wheeler 
Professor  Stone 
Professor  Barrus 
Professor  Barrus 
Professor  Barrus 
Professor  Stone 
Mr.  Wheeler 
Professor  Cavanaugh 
Professor  Ross 
Mr.  Wilkinson 
Professor  Van  Rensselaer 


Farmers*  Week 
The  registered  attendance  at  the  Sixth  Annual  Farmers*  Week,  held 
February  lo  to  15,  was  2409.  It  was  impossible  to  register  all  the  visitors, 
but  it  was  estimated  that  3 100  were  in  attendance  during  the  week.  There 
were  offered  two  hundred  and  eighty-four  lectures,  ten  demonstrations, 
ten  contests  and  competitions,  and  sixteen  laboratory  courses.  Seven- 
teen associations  held  their  meetings  during  the  week.  A  stmimarized 
statement  of  Farmers*  Week  follows: 


Lectures 


Demonstra- 
tions 


Contests 
and  com- 
petitions 


Laboratory 
courses 


Monday.  .  . 
Tuesday .  . . 
Wednesday 
Thursday.  . 

Friday 

Saturday  . . 

Total. 


32 
59 
67 
61 

52 
13 


4 
4 
o 

4 
4 


384 


10 


10 


16 
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Ntunber  of  cxDnventions  and  conferences 17 

Drainage  convention 

Dairy  Students'  Association 

Federation  of  Floral  Clubs  conference 

Home-makers'  conference 

Plant-breeders'  Association 

Poultry  Association  conference 

Rural  Engineering  conference 

Rural  Church  conference 

Rural  School  Education 

Students'  Association  conference 

Vegetable-growers'  convention 

Experimenters'  League  conference 

Rural  Cooperative  Credit  conference 

State  Institutions  Farm  Managers'  conference 

Agricultural  Speakers'  conference 

Boys'  conference 

Fruit-growers'  conference 

Nimiber  of  exhibitions  by  departments 16 

Animal  Husbandry        *  Plant-breeding 

Books  Plant  Pathology 

Dairy  Plant  Physiology 

Entomology  Potato  show 

Farm  Mechanics  Poultry  Husbandry 

Forestry  Rural  School  Education 

Home  Economics  Soil  Technology 

Horticulture  Weather  Bureau 


Nimiber  of  speaking  contests  among  students 

Eastman  Stage 

C.  W.  Whitney,  winner  of  first  prize 

M.  A.  Gonzalez,  winner  of  second  prize 

W.  H.  Bronson 

P.  R.  Guldin 

F.  E.  Geldenhuys 

J.  H.  Mimn 
Winter-course  Stage 

B.  T.  Roberts,  Horticultural  Club,  winner 

H.  W.  Stewart,  General  Agricultural  Club 

F.  M.  LeWeck,  Poultry  Club 
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Morrison  Debate  (Winter  Course) 
Home  Economics,  winner 

Mrs.  J.  D.  Foote 

Miss  Lotiise  M.  Orchard 

Mrs.  M.  C.  Smith 
Poultry 

N.  L.  Harris 

R.  Marion 

L.  C.  Soule 

Number  of  cooperating  lecturers  outside  the  College 55 

Total  registration  for  the  week 2409 

Estimated  attendance 3100 

In  addition  to  the  sixteen  laboratory  courses  listed  above,  which  were 
conducted  by  the  Department  of  Poultry  Husbandry,  the  Department 
of  Home  Economics  conducted  an  extension  school  in  laboratory  practice 
from  Tuesday  to  Friday  inclusive. 

Three  shows  were  conducted  by  the  Department  of  Poultry  Husbandry : 
a  blue-ribbon  poultry  show,  a  dressed-poultry  show,  and  an  egg  show. 

Fairs 
The  demand  for  educational  exhibits  at  fairs  was  greater  than  for 
the  preceding  year.  Sixteen  departments  were  represented  at  the  State 
Fair.  Educational  exhibits  were  sent  to  twenty-nine  county  fairs,  the 
transportation  expenses  being  shared,  dollar  for  dollar,  between  the  local 
society  and  the  College.  It  was  estimated  that  340,000  persons  were 
brought  in  touch  with  the  College  through  these  educational  exhibits. 
Below  is  given  a  siunmary  of  the  State  Fair  and  the  county  fairs: 


Town 


County 


Date 


Departments  exhibiting 


Newark  Valley 

Pulton 

Cortland 

WeJlsville 

Warsaw 

Hamburg 

Moravia 

Middletown... 
Hudson  Palls.. 
Trumansburg . 

Olean 

Dryden 

Dunkirk 

Warrensburg. . 
Watertown.... 

Rome 

Brockport 

Plattsburg 


Tioga 

Oswego. . . . 
Cortland .  .  . 
Allegany .  .  . 
Wyoming... 

Erie 

Cayuga. . . . 

Orange 

Washin^n. 
Tompkms.  . 
Cattaraugus 
Tompkins.  . 

Chautauqua 
Warren .... 
Jefferson .  ,  . 

Oneida 

Monroe.  .  .  . 
Clinton.  .  .  . 


Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 

Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 


5-7 
12-IS 
19-22 
10-22 

10-22 

26-29 
26-29 
26-29 
26-29 
26-29 
l-S 
2-S 

2-5 
2-5 
2-5 
2-5 
3-6 
8-12 


Plant  Pathology 

Plant  Pathology 

Dairy,  Agricultural  Chemistry 

Poultry,  Animal  Husbandry 

Entomology,  Plant  Pathology 

Entomology 

Poultry,  Soils 

Agricultural  Chemistry 

Pomology 

Animal  Husbandry  (Peeds) 

Entomology,  Dairy 

Agricultural     Chemistry, 

bandry 
Parm  Crope 
Pomology 
Poultry 
Soils 
Poultry 
Poultry 


Animal    Hua- 
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Town 

County 

Date 

Departments  exhibiting 

Syracuse 

(State  Fair) 

Sept.    8-13 

Sept.  15-19 
Sept.  16-19 

Sept.  16-19 
Sept.  16-19 
Sept.  X7 
Sept.  17-30 
Sept.  22-27 
Sept.  24-26 
Sept.  24-26 
Sept.  30- 

Oct.  3 
Sept.  29- 

Oct.3 

Poultry,  Dairy.  Animal  Husbandry.  For- 
estry,   Pomology,    Horticulture.    Ento- 
mology.   Plant-breeding.    Plant    Path- 
Plant     Physiology.     Soil     Technology, 
Agricultural  Chemistry,  Rural  Engineer- 
ing. Extension 

Farm  Crops.  Pomology 

Poultry,  Animal  Husbandry.  VegcUblc- 
gardening 

Entomology,  Plant  Pathology 

Agricultural  Chemistry 

General,  Extension 

BUnira 

Ithaca 

Riverhead 

Suffolk 

Malone 

Franklin 

Cazenovia 

Madison 

Batavia. 

Genesee 

Dairy,  Veterinary,  Soils.  Dratxuwv 

Lockport 

Niagara 

Soils 

Bath 

Steuben 

A  representative  as  judge 
Poultry 

Perry 

Wyoming 

Binghamton 

Broome 

Dutchess 

Dairy 

Vegetoble-gardening.  Soils 

Extension  schools 
During  the  winter  of  1912-1913  twenty-four  extension  schools  were 
held  in  twenty-three  coimties,  with  a  total  registration  of  1198  persons. 
These  schools  were  arranged  for  at  the  request  of  communities,  and  only 
when  a  registration  of  forty  was  assured  in  advance.  The  following 
is  a  stmimarized  statement  of  the  extension  schools: 


Town 

County 

Date 

Registration 

Expenses 

Tttition 

Men 

Women 

Total 

North    Rose    (can- 
celled) 

Wayne            .    . 

Dec.     2-7 
Dec.    9-X4 
Dec    9-14 
Dec.  X6-2X 
Dec.  ^0- 

Jan.  4 
Dec.  30- 

Jwi.  4 
Jan.     6-1 1 
.  an.    13-X8 
.  an.    20-2S 
,  an.   20-2S 
Jan.   27- 

Feb.  X 
Jan.   27- 

Feb.  X 
Feb.     3-8 
Feb.     3-8 
Feb.  17-22 
Feb.   X7-22 
Feb.  24- 

Mar.  X 
Feb.  24- 

Mar.  I 
Mar.    3-8 
Mar.    3-8 
Mar.  10-15 
Mar.  lo-is 
Mar.  17-22 
Mar.  24-29 
Mar.  24-29 

'**4S 
20 
II 

43 

33 
23 
50 
22 

31 

41 

26 
28 

49 

il 

38 

36 
51 
30 

H 

33 
69 

'     '26 

XI 

7 
27 

22 

"  "23 

51 
36 

3 

6 

5 

31 

4 

3 
22 

""yi 

70 
33 

45 
SO 
45 
31 

92 

62 
28 
49 

11 

34 

il 

34 
23 
67 
49 
55 
69 

I41.81 
X37.57 

X2X.X3 

74.81 
143.27 

121.68 

154.00 

115. X2 
137.47 
93.25 

103. 13 

309.88 
101.09 
90.31 
60.16 

153.31 

X03.33 

55.57 
101.98 
137.47 
91.42 
46.56 
74.05 
59. 54 
93.44 

Wyoming 

Delaware 

Oswego 

Otsego 

S87.00 

Walton 

36.50 

Salamanca 

Mexico 

15.7s 

Oneonta 

84.7s 

Poland 

Herkimer 

Chautauqua.  . . . 

49.  SO 
47.00 

Sinclairville 

Lowvillc 

75.00 
50.00 

North  Bangor 

Kinderhook 

Southampton 

Le  Roy 

Franklin 

Columbia 

Suffolk 

46.50 
X0S.7S 

Genesee 

Albany 

64.00 
43.00 

Ravena 

73  SO 

Alden 

Erie 

52.50 

Lockport 

Niagara 

Orange 

136.00 

Mountain  ville 

Geneseo 

Livingston 

Ontario 

Essex 

SI. 00 

East  Bloomfield. . . 

Ticonderoga 

Watcrtown 

Holley 

60.00 

X04.70 

51.00 

Jefferson 

Orleans 

Pulton 

34  SO 
100.50 

Johnstown 

Hannibal  

73.50 

Westchester 

66.00 

Lincolndale 

12. 00 

Total 

921   1          277 
38.4  I      18. a 

1. 198 
49  9 

$2. 610. 24 

X04.4I 

Sx.498.95 

Average 

62.i6 
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Ttiition:  Domestic  science,  75  cents  per  student  for  the  week;  general 
extension  school,  $1.50  per  student  for  the  week. 

The  staff  for  each  school  consisted  of  an  average  of  three  persons  through- 
out the  week. 

Farm  trains 

During  the  past  fiscal  year,  three  farm  trains  were  operated  over  the 
New  York  Central  &  Hudson  River  Railroad,  in  addition  to  one  oper- 
ated by  the  Department  of  Home  Economics  in  cooperation  with  the 
Lehigh  Valley  Railroad.  Brief  statements  of  each  farm  train  are  here 
given: 

Poultry  Husbandry. —  This  train  was  run  on  the  Auburn  and  Batavia 
branches  of  the  New  York  Central,  October  28  to  31,  1912.  The  work 
was  in  charge  of  L.  M.  Hurd  and  W.  G.  Krum. 

Two  coaches  were  used:  one  was  equipped  for  demonstration  purposes; 
the  other  was  equipped  for  lectures  and  discussions  on  the  more  important 
phases  of  poultry  husbandry,  including  feeding  for  egg  production  and 
for  market  broilers,  grading  of  eggs,  construction  of  poultry  houses,  prin- 
ciples of  breeding,  and  other  items  related  to  the  raising  of  poultry  for 
profit.  The  demonstration  car  contained  exhibits  of  poultry  appliances, 
including  egg  and  poultry  carriers,  picking  boxes,  feeding  hoppers,  and 
trap  nests;  also  photographic  enlargements  and  charts  showing  methods 
of  rearing  chickens  and  of  caring  for  fowls,  and  results  of  experiments  with 
poultry.     The  schedule  was  as  follows: 


Station 


Date 


Time  of  meeting 


Attendance 


Syracuse 

Auburn 

Seneca  Falls . .  . 

Geneva 

Canandaigua. . 
Honeoye  Falls. 

LeRoy 

Batavia 


October  28 
October  29 
October  29 
October  29 
October  30 
October  30 
October  31 
October  31 


Total  attendance . 


2.30  and  7.30  p.  m. 

9  a.  m.  to  12  m 

2.30  to  5.30  p.  m... 
7.30  to  9.30  p.m... 
10.30  a.  m.  to  12  m 

7  to  9.30  p.  m 

8.30  a.  m.  to  I  p.  m 
1.30  to  5  p.  m 


900 
200 

175 
400 

150 

55 
120 
100 


2,100 


Vegetable-growing, —  This  train  was  nm  on  the  West  Shore  Division  of 
the  New  York  Central,  March  31  to  April  5,  19 13.  under  the  charge 
of  Professor  A.  C.  Beal.  A.  E.  Wilkinson,  and  Paul  Work. 

Two  coaches  were  used,  one  of  which  was  equipped  for  demonstration 
purposes  and  the  other  for  lectures  and  discussions.  The  demonstration 
car  contained  exhibits  of  packages  used  in  marketing,  material  for  hotbed 
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construction,  tools  for  garden  use,  a  Skinner  irrigation  model,  a  sterilizing 
model,  collections  of  seeds,  flowering  plants,  and  preserved  vegetables,  a 
greenhouse  model,  and  seed-testers.  In  the  lecture  coach  discussions 
were  held  on  the  planting  of  seeds,  transplanting,  the  use  of  market 
baskets  and  boxes,  the  construction  of  the  greenhouse,  the  management 
of  the  greenhouse,  the  construction  and  management  of  hotbeds,  planning 
the  vegetable  garden,  growing  early  plants,  irrigation  and  harvesting, 
paccking  and  marketing.     The  schedule  was  as  follows: 


Station 


Date 


Time  of  meeting 


Attendance 


Newburg 

Kingston .  . . . 

Catskill 

Coxsackie  — 

Albany 

Schenectady . 
Troy 


March  31 

April  I 

April  2 

April  2 

April  3 

April  4 

April  5 


Total  attendance . 


2  to  9  p.  m 
2  to  9  p.  m 
2  to  5  p.  m 
7  to  9  p.  m 
2  to  9  p.  m 
2  to  9  p.  m 
2  to  9  p.  m 


180 

140 

70 

64 

270 

375 
269 


1.368 


SoilSy  dairying,  and  fruiUgrowing. —  This  car,  in  charge  of  Professors 
E.  O.  Fippin  and  E.  S.  Savage,  was  operated  over  the  Harlem  Division 
of  the  New  York  Central,  November  12  to  14,  1912. 

Two  coaches  were  equipped,  one  for  demonstration  purposes  and  the 
other  for  lectures  and  discussions.  The  demonstration  car  contained 
exhibits  of  conmiercial  fertilizers,  forms  of  lime,  drain  tile,  apparatus  show- 
ing the  effect  of  mulches,  dairy  feeds,  dairy  appliances,  and  insect  pests. 
In  the  lecture  coach  discussions  were  held  on  the  important  phases  of 
dairying,  soil  management,  soil  fertility,  and  fruit  production.  The 
schedule  was  as  follows: 


Station 


Date 


Time  of  meeting 


Attendance 


Chatham 

Craryville. .  . 

Copake 

Miller  ton. . . . 

Amenia 

Dover  Plains. 

Wingdale 

Pawung 

Patterson 


Total  attendance . 


November  12 
November  12 
November  12 
November  13 
November  13 
November  13 
November  14 
November  14 
November  14 


10  a.  m.  to  12  m. . 
1.30  to  3.30  p.  m. 

7  to  9  p.  m 

9  a.  m.  to  12  m. . . 
2.30  to  5  p  m . . . 
745  P-  ni 

8  to  9.30  a.  m 

9.45  a.  m.  to  12  m 
1.30  to  4.30  p.  m. 


210 
40 

75 
80 

65 
180 

4^ 

70 
65 


827 
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Summary 

Summarizing  the  events  as  given  above,  the  College  has  reached 
approximately  the  following  number  of  persons  through  the  means 
described: 

Single  extension  lectures  and  lecture  cotu*ses 26 ,  756 

Farmers*  Week 3 ,  100 

Fairs 340,000 

Extension  schools i ,  198 

Farm  trains 4,295 


375,349 


Experimenters'  League 

Bdow  is  given  a  report  of  the  work  done  by  the  Experimenters'  League 
during  the  past  year.  The  membership  list  has  been  revised,  and  personal 
correspondence  has  been  taken  up  with  each  member.  Many  who  were 
conducting  definite  experiments  were  visited  by  members  of  the  college 
staff. 


Membership  by  coimties: 

Albany 11 

All^any 9 

Bxxx>me 16 

Cattaraugus 10 

Cayuga 29 

Chautauqua 32 

Chemung 8 

Chenango 20 

Clinton 4 

Columbia 14 

Cortland 18 

I>elaware 13 

Dutchess 14 

Erie 25 

Essex 12 

Franklin 10 

Pulton 4 

Genesee 35 

Greene 4 

Herkimer 9 

Jefferson 13 

Kin^ 10 

Lewis 7 

Livingston 10 

Madison 14 

Monroe 30 

Montgomery 7 

Nassau i 

New  York 14 

Total  membership  enrolled,  963. 


Nia^[ara 18 

Oneida 33 

Onondaga 34 

Ontario 36 

Orange 14 

Orleans 17 

Oswego 26 

Otsego 16 

Queens 3 

Rensselaer 12 

Richmond 5 

Rockland 4 

St.  Lawrence 31 

Saratoga 13 

Schenectady 10 

Schoharie 9 

Schuyler 10 

Seneca 21 

Steuben 16 

Suffolk 12 

Sullivan i 

Tioga II 

Tompkins 143 

Ulster 15 

Washington 4 

Wayne 15 

Westchester 10 

Wyoming 13 

Yates 8 
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Experiments  undertaken  by  members  of  the  league: 


Alfalfa 19 

Clean  milk . . . 

Com 

Fertilizers 

Pasture 

Alsike  clover . 

Ensilage 

Wheat. 


I 
II 

7 

I 

2 
I 
I 


Cauliflower i 

Grapes i 

Sugar  beets 2 


Nuts. 

Onions 

Gardening 

Tomatoes 

Inoculation  of  garden 

Tree-setting i  peas 

General  farming i      Comparative    variety 

Seed  in  grass i  tests 

Beans 2      Cowpeas    and    spring 

Fruit 2         rye 

Total,  no. 


Vetch 

Celery 

Strawberries. 


Flowers 

Green  manure 

Oats 7 

Potatoes 16 

Poultry 6 

Soy  beans 6 

Spraying 5 


County  agents 

Since  the  last  annual  report,  each  one  of  seven  counties  has  appointed 
a  representative  to  act  as  its  agent.  These  representatives  assist  in  arrang- 
ing for  the  various  extension  enterprises  for  the  county,  by  giving  advice 
to  the  local  people  and  counsel  to  the  College.  The  county  agent  affords 
a  means  of  bringing  the  College  into  closer  relationship  with  the  people. 

The  following  is  a  list  of  the  coimty  agents  to  date: 

Cattaraugus F.  N.  Godfrey.  Olean 

Ca5aiga '. Charles  Pitts,  Moravia 

Chautauqua S.  J.  Lowell,  Fredonia 

Chemung Oscar  Kahler,  Elmira 

Clinton H.  L.  Scribner,  Plattsburg 

Cortland Miles  Peck,  Cortland 

Genesee A.  H.  Call,  Batavia 

Herkimer H.  A.  Crofoot,  Little  Falls 

Jefferson F.  C.  Overton,  Adams 

Orange Albert  Manning,  Otisville 

Oswego M.  J.  Upton,  Sandy  Creek 

Otsego C.  H.  Baker,  Oneonta 

Schuyler Harry  S.  Gabriel,  Rock  Stream 

Seneca L.  C.  Bradley,  Interlaken 

Suffolk S.  C.  Hedges,  East  Hampton 

Tioga L.  C.  Biut,  Catatonk 

Yates G.  L.  Wheeler,  Penn  Yan 

CORRESPONDENCE 

The  nimiber  of  letters  received  during  the  year  was  30,467 ;  the  number 
sent  out  was  27,212. 
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CORNELL  READING-COURSE  FOR  THE  FARM 

There  has  been  a  large  increase  in  the  demand  for  Reading-Course 
Lessons  for  the  Farm.  During  the  past  year  22,533  of  these  lessons 
were  sent  on  request,  as  compared  with  16,704  during  the  previous  year. 
An  increased  interest  has  also  been  shown  in  the  discussion  papers.  During 
the  past  year  11,156  discussion  papers  were  returned,  as  compared  with 
6662  for  the  previous  year  —  a  gain  of  67  per  cent.  The  following'  state- 
ment shows  the  series  of  lessons,  the  number  of  lessons  available  in  each 
series,  new  readers  by  series,  discussion  papers  returned,  enrollment,  and 
nimiber  of  study  clubs: 


Series 


Number 
of 


New 
readers 
by  series 


Discussion 

papers 

returned 


The  soil 

Poultry 

Rural  engineering 

Farm  forestry 

The  horse 

Dairying. 

Fruit-growing 

Farm  crops 

Stock-feeding 

Vegetable-gardening . 
Pl^t-breeding 


Total. 


New  readers 

Old  readers  renewed 

Readers  continued  from  previous  year . 


Total  on  mailing  list. 
Cornell  study  clubs 


24 


378 
900 
103 
128 
153 
193 
456 
462 
216 
250 
47 


♦3»286 


945 
2,087 

239 

709 

466 

899 

1,629 

1.756 

815 

1. 017 

594 


11,156 


2.042 

625 

1. 217 


3.884 


13 


*  Since  many  read^s  enroll  for  more  than  one  leries,  the  total  new  readers  by  leriet  is  greater  than  the 
number  of  new  readers  given  below. 


PUBLICITY 

A  selected  list  of  two  htmdred  and  fifty  newspapers  in  the  State  has 
been  prepared,  comprising  those  that  have  requested  special  press  notices 
from  the  College.  During  the  year  seventy-two  special  notices  of  meet- 
ings and  other  activities,  as  well  as  timely  notices  concerning  farm  crops 
and  animals,  have  been  sent  out  in  manuscript  form.    These  have  been 
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widely  copied.     The  more  important  events  covered  and  the  number  of 
special  press  notices  are  as  follows: 

Farmers*  Week 20 

Exhibits  at  the  State  Fair  and  at  coimty  fairs 29 

Miscellaneous 23 

Total 72 

The  Announcer  is  sent  regularly  to  eight  hundred  newspapers  in  the 
State. 

mailing  division 

The  Mailing  Division  is  the  central  mailing  agency  for  the  distribution 
of  all  oflfidal  publications  of  the  College.  Aside  from  the  old  publica- 
tions and  the  annual  reports  of  the  College,  which  are  sent  on  request, 
the  Mailing  Division  handles  on  an  average  nearly  fifty  thousand  copies  of 
publications  each  week.  The  following  statement  shows  the  total  number 
of  separate  publications,  aside  from  reports,  announcements  of  coxu^ses 
oi  instruction,  and  certain  other  general  publications,  issued  diuing  the 
year  1912-1913: 

Experiment  Station  bulletins 15 

Experiment  Station  memoirs 2 

Experiment  Station  circulars 8 

Reading-Course  Lessons  for  Farm  Home 12 

Reading-Course  Lessons  for  Farm 12 

Announcers 12 

Rural  School  Leaflets 5 


Total 66 

The  mailing  lists  for  the  Cornell  Reading-Course  Lessons  for  the  Farm, 
the  Cornell  Reading-Course  Lessons  for  the  Farm  Home,  and  the  Rural 
School  Leaflets  are  supervised  by  the  departments  of  Extension  Teaching, 
Home  Economics,  and  Rural  Education,  respectively.  The  mailing 
lists  for  the  Announcer  and  for  the  Experiment  Station  publications  are 
supervised  by  the  Mailing  Division.  The  mailing  list  for  the  Announcer 
is  composed  of  the  lists  for  both  the  Reading-Courses  and  the  Experiment 
Station  publications,  supplemented  by  lists  of  former  students  of  the 
College,  secretaries  of  the  granges  in  New  York  State,  and  eight  hundred 
newspapers.  The  total  niunber  of  names  on  the  mailing  list  for  the 
Announcer  amounts  to  60,000.     The  mailing  list  for  the  Experiment 
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Station  publications  has  recently  been  classified,  so  that  publications 
will  be  distributed  to  persons  interested  in  the  subject  considered  in  each 
bulletin  or  circular. 

The  mailing  list  for  Experiment  Station  publications  is  increasing 
each  year,  and,  in  spite  of  the  saving  made  possible  by  the  classification 
of  this  list,  the  editions  of  bulletins  are  rapidly  exhausted.  Of  the  three 
hundred  and  thirty-five  bulletins  published  by  the  Experiment  Station, 
copies  of  only  thirty-seven  are  now  available  for  distribution.  Thirty-four 
out  of  the  thirty-seven  available  have  been  published  since  November, 
1908;  thirty-two  out  of  the  thirty-seven  have  been  published  within  the 
last  three  years.  Of  twenty  circulars  eight  remain,  seven  of  which  have 
been  published  during  the  last  year.  The  following  is  a  list  of  the  number 
of  persons  in  each  county  in  New  York  State  on  the  mailing  list  for  Experi- 
ment Station  publications: 


Albany 508 

Allegany 431 

Broome 668 

Cattaraugus 638 

Cayuga i  ,023 

Chautauqua 964 

Chemung 721 

Chenango 504 

Clinton 177 

Columbia 276 

Cortland 428 

Delaware 385 

Dutchess 463 


Erie 1,258 

Essex '  175 

Franklin 207 

Fulton 142 

Genesee 748 

Greene 169 

Hamilton 6 

Herkimer 317 

Jefferson 510 

Kings 507 

Lewis 162 

Livingston 471 

Madison 626 

Monroe i  ,454 

Montgomery 262 

Nassau 254 

New  York i ,  138 

Niagara 568 

Total,  31,846. 

The  increasing  number  of  publications  of  the  College,  together  with 
new  post-office  requirements  for  second-class  mail  matter,  has  resulted 
in  a  corresponding  increase  in  the  work  of  the  Mailing  Division.  This  has 
been  largely  met  by  increased  efficiency  due  to  the  introduction  of  new  and 
improved  mailing  machinery,  resulting  in  the  elimination  of  much  hand- 
work.    Nevertheless,  the  services  of  a  larger  number  of  persons  are  required. 


Oneida 92 1 

Onondaga i  ,387 

Ontario 726 

Orange 514 

Orleans 406 

Oswego 693 

Otsego 634 

Putnam 60 

Queens ' 208 

Rensselaer 323 

Richmond 60 

Rockland 1 85 

St.  Lawrence 522 

Saratoga 323 

Schenectady 323 

Schoharie 464 

Schuyler 259 

Seneca 395 

Steuben 852 

Suffolk 1 ,425 

Sullivan 200 

Tioga 543 

Tompkms i  ,280 

Ulster 479 

Warren 100 

Washington 315 

Wayne 757 

Westchester 557 

Wyoming 453 

Yates 322 
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The  total  labor  cost,  calculated  at  15  cents  per  hoiir,  amounts  to  $3541.04 
as  compared  with  $2112.83  for  the  preceding  year;  the  grand  total  operat- 
ing expense  amotmts  to  $5414  as  compared  with  $3888.07  last  year.  More 
mail  has  been  received  by  the  Mailing  Division,  and  more  publications  have 
been  sent  on  request,  than  ever  before. 

Summary  of  itemized  report  of  Mailing  Division 
Mail  received  and  publications  sent  on  request 

Total  mail  received  (number  of  pieces) 20,030 

Total  mail  sent  out,  other  than  that  sent  to  regular  mail- 
ing lists  (number  of  pieces) 48,877 

Experiment    Station    bulletins    and    cir- 
culars   20,697 

Reading-Course  Lessons  for  the  Farm.  .  .  22,533 

Announcements 678 

Annoimcer 3  ^837 

Reports 654 

Nature-study  books 294 

Miscellaneous 184 

Total 48,877 

Cost  of  mailing  to  regular  lists  and  of  additional  work  for  various 
departments 

Total  labor  at  15  cents  per  hour ! $3 ,  541  04 

Director's  Office $1 ,970.67 

Experiment  Station 210. 58 

Reading-Course  for  the  Farm 166.36 

Reading-Course  for  the  Farm  Home 201 .  66 

Extension 434-57 

Rural  School  Leaflets 233 .  24 

Announcer 177.21 

Work  for  departments  (based  on  itemized 
statement) 146 .  75 

Total $3,541.04 

Cost  of  second-class  postage $1 ,085 .  71 

Cost  of  cartage 266.38 

Cost  of  stamps 520. 87 

1,872.96 

Grand  total  of  operating  expenses $5,414.00 
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recommendations 

The  demand  for  miscellaneous  lectures  and  lecture  courses  is  on  the 
increase  and  should  be  encouraged  as  much  as  possible.  The  lectures 
should  be  organized  in  regular  lecture  courses  so  that  there  may  be  a 
logical  sequence  in  any  given  series.  It  is  recommended  that  next  year 
an  instructor  be  appointed  for  the  sole  purpose  of  attending  to  and  develop- 
ing the  lecture  work. 

Another  year  has  definitely  proved  the  worth  of  extension  schools. 
Despite  occasional  mistakes,  it  is  recommended  that  this  enterprise  be 
enlarged  so  that  there  may  be  at  least  two  extension  schools,  during  the 
coming  year,  in  every  rural  county  in  the  State.  This  calls  for  an  increase 
in  extension  appropriation. 

The  Experimenters*  League  has  been  revived  during  the  past  year. 
This  should  now  be  developed  so  that  at  least  two  thousand  farmers 
will  be  in  active  cooperation  with  the  College  for  the  purpose  of  improving 
their  farming  methods. 

The  selection  by  the  county  of  a  coxmty  adviser  to  cooperate  with  the 
College  has  proved  of  suflBdent  success  to  warrant  its  further  development. 
There  are  now  seventeen  of  these  advisers;  there  should  be  one  for  each 
rural  county  in  the  State.  This  will  eventually  demand  the  time  of  an 
additional  member  of  the  staff. 

The  registration  for  the  Farm  Reading-Course  has  materially  increased 
during  the  past  year.  The  need  now  is  for  the  organization  of  study 
dubs.  It  is  recommended  that  this  work  be  pushed  forward  and  that 
necessary  assistance  be  given  to  enable  the  Supervisor  of  the  Reading- 
Course  to  get  in  touch  with  the  outside  work. 

The  most  pressing  need  in  the  organization  of  extension  work  is  to  make 
a  study  of  the  State,  county  by  coxmty,  using  the  Department's  geo- 
graphical list  arranged  by  counties,  the  county  surveys,  the  county 
advisers,  and  other  means  of  obtaining  data  concerning  each  county. 
The  State  should  be  districted  into  at  least  four  main  divisions — north- 
era,  eastern,  southern,  and  western.  For  each  division  there  should  be 
at  the  College  one  person  whose  duty  it  would  be  to  arrange  all  extension 
enterprises  that  the  College  might  imdertake  for  that  section.  The  great 
mass  of  correspondence,  the  details  of  routine,  and  the  thorough  under- 
standing of  the  needs  of  one  fourth  of  the  State  wotdd  soon  grow  beyond 
the  reach  of  one  person.  It  is  recommended  that  two  such  persons  be 
appointed  this  coming  year,  to  actively  begin  on  a  program  that,  for  the 
following  year  and  later,  will  call  for  two  other  persons. 

There  is  evidence  that  many  school-teachers  who  come  to  the  College 
for  the  stmimer  term  wish  to  continue  further  study  at  home.  They  find 
it  impossible  to  spend  sufficient  time  at  the  College  to  pursue  the  subjects 
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as  they  desire.  Several  of  our  professors  are  willing  to  prepare  lessons 
that  may  be  worked  out  at  home.  It  is  therefore  recommended  that  a 
correspondence  course  for  such  teachers  be  established  next  year,  and  that 
six  lessons  be  issued  in  the  following  subjects:  Biology,  Soils  with  refer- 
ence to  Geology,  and  Farm  Botany. 

CHARLES  H.  TUCK, 
Professor  of  Extension  Teaching. 
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TEACHING 

No  regular  courses  of  instruction  were  given  in  the  Department  during 
the  past  year.  The  extension  staff  of  the  Department  conducted  two 
coiu'ses  during  the  six-weeks  siunmer  session  of  19 13:  coiu^e  D,  The 
School  Garden,  occupying  three  hours  a  week  and  carrying  one  hour  of 
university  credit;  and  coiu'se  F,  The  School,  given  five  hours  a  week  in 
two  sections  and  carrying  two  hours  of  imiversity  credit.  There  were 
fourteen  students  registered  in  course  D  and  thirty-nine  in  course  F.  The 
classes  were  held  in  the  model  schoolhouse  on  the  campus.  Coiu'se  F  was  a 
course  in  methods,  following  the  work  in  nature  study  and  elementary 
agriculture  as  outlined  by  the  State  Syllabus. 

INVESTIGATION 

There  has  been  no  provision  for  specific  investigative  work  during  the 
past  year.  This  is  to  be  regretted,  since  the  extension  work  of  the  Depart- 
ment is  in  touch  with  all  the  rural  schools  in  the  State  and  would  find 
ready  cooperation  in  investigative  work  in  them.  It  is  essential  that  a 
more  personal  relationship  be  established  between  the  Department  and 
its  constituency  if  the  former  is  to  meet  intelligently  the  needs  of  the 
latter.  Ehuing  the  coming  year  it  is  planned  to  make  a  beginning  in  rural 
school  investigation,  one  member  of  the  Department  spending  two  months 
in  the  field. 

EXTENSION 

The  aims  of  the  extension  work  in  the  Department  were  outlined  in 
detail  in  the  last  annual  report.  The  same  lines  of  work  are  being  carried 
forward. 

Publications 

The  means  of  commimication  between  the  Department  of  Rural  School 
Education  and  the  schools  of  the  State  is  the  Cornell  Rural  School  Leaflet. 
The  September,  191 2,  number  for  teachers  covered  the  year's  work  for 
1912-1913  as  outlined  by  the  State  Syllabus.  The  edition  was  40,000 
copies.  On  May  i,  1913.  37,832  copies  had  been  distributed.  All  rural 
teachers  and  training  school  pupils  were  supplied,  and  about  seventy- 
three  per  cent  of  the  city  and  village  grade  teachers. 
During  the  past  year  the  leaiflets  were  issued  as  follows: 
I.  The  November  leaflet  for  boys  and  girls.  This  comprised  twelve 
pages,  and  included  articles  on  birds,  the  potato,  poetry  and  the  out-of- 
doors,  trees,  Com  Day,  and  a  letter  to  the  children.    The  original  edition 
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of  100,000  copies  was  immediately  exhausted,  and  a  reprint  of  50,000 
copies  was  entirely  distributed  before  the  close  of  the  school  year. 

2.  The  January  leaflet  for  boys  and  girls.  This  issue  comprised  twenty 
pages,  and  included  articles  on  cows,  bird  boxes,  bird  migration,  books 
for  the  rural  school,  poultry,  potatoes,  blossoms,  certified  and  pasteurized 
milk,  a  fireside  talk,  and  a  letter  to  the  children.  The  edition  of  150,000 
copies  was  entirely  distributed. 

3.  In  February  a  special  leaflet  on  agricultural  contests  was  issued. 
This  leaflet  was  not  generally  distributed,  but  was  held  subject  to  order 
by  district  superintendents.  Up  to  October  i,  19 13,  7,209  copies  had  been 
distributed.  The  leaflet,  comprising  ninety-six  pages,  contains  three 
articles  on  organization,  and  fifteen  agricultural  contests  divided  into 
three  groups:  (i)  Contests  based  merely  on  the  quality  of  the  product, 
without  relation  to  the  economic  value  of  the  crop;  in  this  group  are  in- 
cluded contests  with  com,  potatoes,  vegetables,  flowers,  and  fruit  trees. 
(2)  Contests  based  on  the  economic  value  of  the  crop  as  well  as  on  the 
quality  of  the  product;  in  this  group  are  included  contests  with  com, 
potatoes,  oats,  clover,  vegetables,  and  small  fruits.  (3)  Contests  especially 
designed  for  girls,  including  bread-making,  canning,  jelly-maldng,  and 
sewing  contests.  It  should  be  noted  that  the  policy  of  centering  all 
contest  activity  in  the  hands  of  local  school  superintendents  has  met 
with  imiversal  approval. 

4.  The  March  leaflet  for  boys  and  girls.  This  leaflet  comprised  thirty- 
two  pages,  and  contained  articles  on  gardens,  suggestions  for  sununer 
work,  buying  seeds,  fruits  for  the  home  garden,  and  the  peeper,  together 
with  two  weather  lessons,  a  chat  with  boys  and  girls,  and  a  letter  to  the 
children.  Of  the  total  edition  of  175,000,  155,000  copies  were  distributed 
before  the  dose  of  the  school  year.  The  remaining  20,000  copies  will  be 
sent  this  fall  to  those  schools  that  did  not  receive  them  last  spring. 

5.  The  September,  1913,  leaflet.  Prior  to  October  i,  1913,  the  new 
teachers'  leaflet  for  1913-1914  had  already  been  published  and  in  large 
part  distributed.  It  covers  the  topics  in  nature  study  and  elementary 
agriculture  for  study  in  the  rural  schools  during  the  coming  year,  as 
outlined  by  the  State  Syllabus.    They  are  as  follows: 

Birds:  For  special  study,  the  robin  and  the  hen.  To  be  recognized, 
any  two  winter  birds  and  any  five  of  the  following:  junco,  song  sparrow, 
wren,  ovenbird,  chimney  swift,  wood  thmsh,  sandpiper,  flicker,  catbird, 
guinea  fowl. 

Animals:  For  special  study,  the  cow  and  the  earthworm.  To  be 
recognized,  any  of  the  following:  sheep,  weasel,  snail,  rabbit,  deer. 

Insects:  For  special  study,  the  mosquito  or  the  house  fly,  and  one 
biting  and  one  sucking  insect.    To  be  recognized,  any  four  of  the  following : 
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wasp,  cabbage  butterfly,  lady  beetle,  cankerworm,  horsefly.  (Note:  The 
spider  is  given  for  recognition.  The  ways  in  which  it  differs  from  insects 
should  be  learned.) 

Plants:  For  special  study,  the  radish.  To  be  recognized,  one  of  the 
clovers,  one  of  the  grains,  one  of  the  grasses,  and  any  six  of  the  following: 
jack-in-the-pulpit,  peach,  nastiutium,  honeysuckle,  vetch,  dogtooth 
violet,  laurel,  crocus,  ptimpkin,  celery,  iris,  Solomon's  seal;  also  any  four 
of  the  following  weeds:  sour  dock,  ragweed,  beggar-tick,  Canada  thistle, 
clotbur. 

Trees:  For  special  study,  the  elm.  To  be  recognized,  two  kinds  of 
fruit  trees,  one  conifer,  and  any  four  of  the  following:  spruce,  pine,  juniper, 
pliun,  apple,  walnut,  dogwood,  maple,  stmiac,  oak,  fir,  tulip  tree. 

The  articles  printed  in  the  September  leaflet  are  as  follows:  The 
Enchantment  (poem).  Part  I.  Bird  Study:  The  Robin;  Birds  to  be 
Recognized  in  1913-1914;  Winter  Birds;  The  Hen;  The  Types  of  Combs 
of  the  Domestic  Fowl;  Egg  Types;  eleven  Poultry  Lessons;  five  lessons 
on  the  Cow;  The  Earthworm;  Sheep;  Weasels;  Snails;  Rabbits;  Virginia 
Deer.  Insect  Study:  Mosquitoes;  The  House  Fly;  May  Beetles;  Wasps; 
The  Imported  Cabbage  Butterfly;  Lady  Beetles;  The  Kinds  of  Spiders 
Most  Commonly  Seen;  Notes  on  the  Cankerworm  and  the  Horsefly. 
Plant  Study:  Oats;  Growing  Oats;  Suggestions  for  the  Study  of  a  few 
Economic  Plants  to  be  Recognized  in  1913-1914;  Five  Common  Weeds; 
Plants  to  be  Recognized  in  19 13-19 14.  Tree  Study:  The  Elm;  The 
Pines  of  New  York;  The  Maples  of  New  York;  The  Oaks  of  New  York; 
Other  Trees  to  be  Recognized  in  1913-1914;  The  Plum;  The  Peach. 
Part  II.  My  Purple  Hills  (poem) ;  Audubon;  The  Point  of  View;  Manual 
Training  by  Means  of  Agriculture;  A  Chat  with  Rural  Teachers;  Letters 
from  Teachers  of  Rural  Schools;  The  Distribution  of  the  Cornell  Rural 
School  Leaflet;  Agricultural  Contests;  Children's  Letters;  Com  Day;  A 
Message  to  New  York  State  Teachers;  Helps  in  the  Study  of  Plants;  A 
Few  Common  Poisonous  Plants;  A  Word  about  an  Herbarium;  Planting 
of  Rural  School  Grounds;  Farm  Maps  and  Farm  Layout;  Reference 
Books. 

The  leaflet  comprises  212  pages,  with  colored  frontispiece.  It  is  bound 
in  a  heavy  gray  cover.  The  edition  is  55,000  copies.  By  September 
30,  1913,  42,095  copies  had  been  distributed. 

Correspondence 

During  the  year  20,150  pieces  of  first-class  mail  were  received  at  the 

oflSce,  and  8542  pieces,  including  about  3000  circular  letters,  were  sent 

out.     All  this  correspondence  has  been  looked  after  by  one  stenographer. 

A  second  stenographer  will  be  employed  during  the  coming  year  and  the 
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Department  hopes  to  be.  able  to  give  personal  attention  to  a  larger  pro- 
portion of  the  letters  coming  to  the  office. 

Children* s  letters, —  During  the  year  10,045  letters  were  received  from 
boys  and  girls  in  the  rural  schools  of  the  State.  These  were  all  carefully 
read,  technical  questions  were  answered,  and  the  letters  were  recorded. 
A  small  gift  picture  was  sent  to  each  child  from  whom  three  letters  were 
received.  One  thousand  four  hundred  and  fifty  children  each  wrote 
three  letters.  The  Department  cannot  encourage  correspondence  with 
children  in  any  personal  way,  for  it  could  not  take  care  of  the  letters; 
such  an  imdertaking  would  require  the  entire  time  of  a  well-equipped 
person. 

Meetings  attended 

During  the  year  nineteen  meetings,  with  a  total  attendance  of  5325 
persons,  were  attended  and  addressed  by  Miss  McCloskey.  The  meetings 
were  mostly  conferences  of  rural  teachers  called  by  district  superintendents. 

Farmers*  Week 

Conferences  for  district  superintendents  and  teachers  were  held  in  the 
model  schoolhouse  on  the  campus  during  Farmers*  Week. 

In  addition  to  the  conferences,  an  exhibit  of  com  was  organized.  Four 
hundred  and  forty-one  rural  schools  were  represented,  each  by  a  single 
ear  of  com.  There  was  also  a  general  nature-study  exhibit  from  the 
third  supervisory  district  of  Tompkins  county. 

Babcock  tests 
Babcock-test  outfits  were  sent  to  eight  schools,  each  for  a  limited  time. 
An  outfit  was  loaned  to  -a  district  superintendent  who  demonstrated  its 
use  in  practically  all  the  schools  of  her  district. 

THE  OUTLOOK  TO  THE  FUTURE 

The  extension  work  with  the  schools  of  the  State  is  developing  with 
great  rapidity.  During  191 2-19 13  the  mailing  list  for  the  Cornell  Rtiral 
School  Leaflet  more  than  doubled,  reaching  a  total  of  over  185,000  persons. 
There  is  every  indication  of  a  proportionate  increase  during  the  coming 
year.  The  Department  has  the  cooperation  of  all  of  the  two  hundred 
and  seven  district  superintendents.  There  is  good  feeling  for  the  pro- 
motion of  any  movement  looking  toward  the  improvement  of  school 
conditions. 

RECOMMENDATIONS 

Model  school  building 
An  appropriation  of  $3000  has  been  secured  for  the  erection  of  a  new 
model  schoolhouse  on  the  university  campus.    The  plan  is  to  build  a 
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schoolhoixse  on  a  larger  scale  than  would  be  necessary  in  a  rural  district, 
buc  in  the  proper  proportions.  Such  a  building  is  needed  here  for 
purposes  of  educational  meetings,  conferences  with  district  superintendents, 
arid  the  like,  in  addition  to  housing  the  departmental  staff  and  equipment. 
The  Department  respectfully  recommends  that  an  additional  appropria- 
tion of  $2000  be  secured  for  the  completion  and  furnishing  of  the  building, 
and  it  is  also  urged  that  all  possible  speed  be  used  in  pushing  plans  and 
contracts.  While  the  building  at  Cornell  would  not  be  used  as  a  school, 
it  would  serve  as  a  demonstration  of  architecture  and  equipment,  and 
the  rooms  could  be  used  for  offices  and  class  work  of  the  Department. 
Gjnsideration  of  this  matter  is  urged. 

Maintenance 

On  May  i,  19 13,  a  detailed  estimate  of  the  funds  necessary  for  the 
maintenance  of  the  extension  work  of  the  Department  for  the  year 
1913-1914  was  made.  This  estimate  included  funds  for  the  pubHcation 
of  the  Cornell  Riu-al  School  Leaflet  monthly,  for  mailing  envelopes, 
supplies,  and  stationery,  and  for  extra  clerical  help,  manuscripts,  photo- 
graphs, drawings,  children's  pictures,  express,  freight,  telephone,  telegraph, 
livery,  office  furniture,  traveling  expenses,  and  Farmers*  Week.  The  total 
amoimt  needed,  ba^  on  actual  data,  was  $5426.30.  The  amount  of 
appropriation  for  this  work  for  the  year  1913-1914  is  $2500. 

The  Department  is  constantly  obliged  to  curtail  its  work  in  many  ways, 
particularly  as  to  the  ntmiber  of  issues  of  the  Cornell  Rural  School  Leaflet 
and  as  to  traveling  expenses.  If  the  Department  is  to  meet  the  rapidly 
growing  demands  that  are  being  made  on  it  by  the  school  forces  of  the 
State,  maintenance  for  another  year  should  be  largely  increased. 

Additional  members  of  the  staff 
It  has  long  been  urged  that  there  be  imdertaken  in  the  Department 
certain  special  lines  of  work,  each  imder  the  direction  of  a  single  person. 
Several  of  these  fields  need  direction  at  present.  The  most  important 
are  rural  school  investigation,  improvement  of  school  buildings  and 
groimds,  school  gardens,  and  agricultural  contests.  The  Department 
realizes  that  it  is  difficult  to  create  a  new  branch  outright;  it  therefore 
respectfully  recommends  that  another  salaried  position  be  added  to  this 
Department,  carrying  the  title  of  instructor,  with  a  salary  of  eight  hundred 
dollars  the  first  year. 

ALICE  G.  McCLOSKEY, 

Associate  in  Rural  Education. 
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RESPIRATION  OF  FRUITS  AND  GROWING  PLANT  TISSUES  IN 

CERTAIN  GASES,  WITH  REFERENCE  TO  VENTILATION 

AND  FRUIT  STORAGE* 

Gborgb  R.  Hill,  Jr. 

Two  or  three  days  before  ripening,  peaches  are  very  hard.  At  this  time, 
if  handled  quickly  and  car^ully  they  may  be  shipped  long  distances 
without  great  injtiry.  They  owe  their  hardness  to  a  cellulose-like  carbo- 
hydrate known  as  pectose.  The  cells  of  the  flesh  of  the  peach  are  rela- 
tively very  large  and  the  cell  walls  are  thin,  but  the  lai^e  quantity  of 
pectose  in  the  cells  gives  them  considerable  rigidity.  As  the  peach  ripens 
the  pectose  is  hydrolyzed  to  pectin,  which  is  a  jelly-like  gum  soluble 
in  the  cell  sap.  This  hydroljrsis  is  rapid,  and  in  hot  weather  a  hard  peach 
may  become  in  two  or  three  days  so  soft  that  the  thin,  unsupported  cell 
walls  are  unable  to  sustain  even  the  weight  of  the  peach  and  a  flat  indenta- 
tion or  bruise  is  formed  on  the  underside  of  the  fruit. 

Mature  hard  peaches  are  designated  as  "  market-ripe."  When  such 
peaches  are  placed  in  cold-storage  the  rate  of  softening  is  greatly  decreased ; 
peaches  are  often  kept  by  this  means  for  two  or  three  weeks,  and  in  some 
cases  longer.  At  ordinary  temperature,  about  80**  F.,  a  day  is  often 
sufficient  for  them  to  become  as  soft  as  they  would  in  a  week  in  cold- 
storage  at  35**  P. 

Even  though  the  rate  of  hydrolysis  of  pectose  can  be  much  decreased 
by  refrigeration,  peaches  of  the  best  quality  cannot  be  put  on  the 
market  in  distant  localities  for  the  following  reasons:  first,  because 
the  temperature  in  an  iced  refrigerator  car  is  usually  above  10**  C.  (50®  P.), 
at  which  point  the  softening  of  the  peaches  is  still  somewhat  rapid ;  second, 
because  of  so-called  **  ice-scald  " ;  and  third,  because,  in  order  to  be  placed 
on  the  market  in  hard  condition,  the  peaches  must  be  picked  so  green 
that  they  have  not  acquired  that  richness  of  flavor  f otmd  only  in  peaches 
ripened  on  the  tree. 

If  some  means  of  treatment  could  be  found  which  would  arrest  this 
hydrolysis  of  pectose  without  otherwise  affecting  the  peach,  it  would  be 
possible  to  let  the  fruit  remain  on  the  tree  until  ripe  enough  to  be  really 
desirable,  and  still  get  it  to  market  without  serious  damage.  The  demand 
for  peaches  would  then  be  greatly  increased  and  the  season  for  them 
covJd  be  extended  over  a  period  long  enough  to  avoid  glutting  the  market. 

*  CoDtribttUon  No.  6,  DeMrtmmt  of  Plant  Phystoloey.  Coraell  Uniyersity.  Ithaca.  New  York. 

*    o  the  Faculty  of  the  Graduate  Sch<   •     '  "        

tl 

J*i 

Dr.  Lewis  Knndaon* 


Also  oresented  to  the  Faculty  of  the  Graduate  School  of  Cornell  University,  as  a  major  thesis  in 
partial  fumllment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

The  writer  desires  to  express  his  appreciation  of  helpful  sttggestions  from  Professor  B.  M.  Duggar  and 
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In  September,  1909,  the  writer  was  present  at  an  auction  sale  of  a 
carload  of  Elberta  peaches  in  Chicago.  The  fruit  had  left  Palisade, 
Colorado,  in  excellent  condition.  Each  peach  had  been  wrapped  sepa- 
rately in  paper  and  carefully  packed  so  as  to  avoid  any  bruising.  The 
car  had  been  loaded  in  the  customary  manner,  with  an  air  space  arotmd 
each  box  in  order  to  insure  ventilation.  The  peaches  had  come  direct 
to  Chicago  except  for  a  short  stop  at  Omaha  for  inspection.  When  they 
were  taken  out  of  the  car  at  Chicago  they  were  apparently  in  good  condi- 
tion, although  they  had  softened  considerably.  They  were  yellower  than 
when  shipped  and  they  brought  a  good  price.  In  the  afternoon  of  the 
same  day  the  writer  saw  some  of  the  peaches  on  a  fruit  stand  on  South 
Water  Street.  The  fruit  appeared  slightly  darker  than  in  the  morning. 
Some  of  the  peaches  were  bought,  and  it  was  found  that  the  flesh  just 
tmder  the  skin  was  brown  in  spots.  There  was  no  sign  of  any  bruising. 
The  original  paper  wrappers  were  on  most  of  the  peaches  in  the  box  and 
these  peaches  showed  the  browning  as  much  as  did  those  that  had  been 
unwrapped.  It  was  plainly  not  a  matter  of  bruising.  The  flavor  of  the 
peaches  was  not  bad;  they  were  merely  insipid  and  inclined  to  be  mushy, 
and  had  the  appearance  of  having  been  half-cooked.  The  writer  was  in- 
formed by  the  dealer  that  this  was  "  ice-scald  **  and  that  it  was  not  uncom- 
mon, the  brown  spots  appearing  a  few  hours  after  the  peaches  l^ul  become 
warmed  to  the  temperatiu^  of  the  street. 

Since  the  peaches  had  probably  never  reached  a  temperature  below 
7**  C.  (45**  P.)  injiuy  from  cold  was  inconceivable,  and  the  question  as  to 
what  was  the  cause  of  this  "  ice-scald  "  was  a  rather  inviting  one.  Peachss 
that  had  been  kept  in  cold-stor^e  at  a  temperature  5®  C.  lower  than  that 
in  the  car  for  a  longer  period  of  time  were  found  not  to  have  been  so 
affected. 

Injury  to  peaches  shipped  in  refrigerator  cars  is  common.  Not 
infrequently  entire  carloads  are  ruined.  The  injury  is  most  frequent 
in  the  central  part  of  the  top  tiers  of  boxes  in  the  car,  and  it  decreases 
toward  the  bottom  of  the  car.  Since  cold  air  from  the  ice  bunkers  is  led 
along  the  bottom  of  the  car  and  cools  the  car  by  diffusion  and  circulation 
upward,  the  better  condition  of  the  peaches  in  the  bottom  of  the  car  has 
been  attributed  to  the  lower  temperature  there.  That  small  differences 
in  temperature  between  the  top  and  the  bottom  of  the  car  are  sufficient 
to  cause  marked  differences  in  the  keeping  quality  of  peaches  is  to  be 
expected,  since  it  is  well  known  that  evolution  of  carbon  dioxid  and  other 
metabolic  phenomena  are  usually  doubled,  and  not  infrequently  trebled, 
in  rate  by  a  rise  in  temperature  of  10^  C.  Oxygen  absorption  is  intensified 
by  a  rise  in  temperature,  to  about  the  same  degree  as  is  evolution  of 
carbon  dioxid.    The  refrigerator  cars  are  usually  kept  closed  tight  and 
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there  is  little  circulation  of  air  in  them.  Under  such  a  condition,  witli  a 
rapid  use  of  oxygen  and  evolution  of  carbon  dioxid,  would  not  a  dearth  of 
the  former  and  an  acctunulation  of  the  latter  probably  result?  What 
would  be  the  effect  on  the  peaches  of  a  dearth  of  oxygen  and  an  accumu- 
lation of  carbon  dioxid?  Might  the  injtuy  to  the  peaches  be  due  in  part 
to  these  factors,  as  well  as  to  the  intensified  rate  of  metabolism  at  the 
higher  temperattures? 

From  these  observations  the  writer  was  led  to  a  study  of  the  behavior 
of  fruits  and  seeds  under  aerobic  and  anaerobic  conditions.  Is  the  hydrol- 
ysis of  pectose  associated  in  any  way  with  the  intake  of  oxygen  or  the 
evolution  of  carbon  dioxid?  Might  it  be  inhibited  or  retarded  by  sur- 
roimding  the  fruit  by  an  inert  gas  such  as  hydrogen  or  nitrogen?  Rela- 
tively, how  strong  is  the  anaerobic  respiration  of  fruit  as  compared  with 
the  aerobic?  Since  carbon  dioxid  is  one  of  the  products  of  respiration, 
what  would  be  the  effect  of  its  accumulation  on  the  absorption  of  oxygen 
and  on  the  metabolic  changes  mentioned  above?  What  is  **  ice-scald,'* 
and  is  it  connected  in  any  way  with  aerobic  or  anaerobic  respiration? 
Is  the  relation  of  oxygen  to  the  respiration  and  metabolism  of  ripe  fruits 
the  same  as  to  that  of  growing  plant  tissues?  How  important  is  ventilation 
in  the  storage  and  handling  of  fruit  ?  An  attempt  is  herein  made  to  answer 
some  of  the  above  questions. 

SURVEY  OF  LITERATURE 

The  following  is  a  brief  review  of  some  of  the  literature  of  the  important 
phases  of  anaerobic  respiration,  together  with  some  current  theories 
offered  in  explanation  of  it  and  of  its  relation  to  aerobic  respiration. 

The  continued  evolution  of  carbon  dioxid  in  the  absence  of  oxygen  was 
first  observed  by  RoUo  (1798),  who  at  that  time  was  studying  the  forma- 
tion of  sugar  from  **  mucilages  v6g6taux  "  in  barley  grains.  In  attempting 
to  determine  the  relation  to  oxygen  of  this  formation  of  sugar,  he  acci- 
dentally discovered  that  the  barley  grains  gave  off  a  considerable  quantity 
of  carbon  dioxid  for  several  days  in  the  absence  of  oxygen.  De  Saussure 
(1804)  noted  that  Lythrum  and  other  green  plants  gave  off  carbon  dioxid 
in  an  atmosphere  of  nitrogen.  Since  that  time  the  relation  of  oxygen 
to  the  living  organism  has  been  the  subject  of  considerable  study,  for  the 
reason  that  this  element  seems  to  be  the  one  most  indispensably  connected 
with  life.  Fruits  have  been  used  extensively  in  this  study.  Several 
investigators  early  called  attention  to  the  formation  of  alcohol  in  fruits 
that  were  kept  in  a  chamber  containing  no  oxygen,  but  these  fruits  were 
not  kept  free  from  contamination  by  yeasts;  hence,  the  production  of 
alcohol  by  the  tissues  of  the  fruit  was  not  established. 

(1798)  Rollo,  — ,    Bxpjkienem  et  obaervations  stir  le  sucre.    Ann.  d.  cfaim.  25:  37-50. 
(XS04)  De  Saussure,  Th.    Des  plantes  qui  peuvent  v^g^ter  dans  le  gas  asote.    Recherches  chimiquet  rar 
la  v^giitatiaci,  197-208. 
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B^rard  (1821)  noted  that  green  fruits  ripened  when  kept  in  air. 
When  oxygen  was  withheld,  the  fniits  were  unable  to  ripen;  the  ripening 
process  was  resumed,  however,  when  the  fruits  were  again  placed  in  the 
air,  if  they  had  not  been  kept  too  long  in  the  oxygen-free  alanosphere. 

Cahours  (1864)  studied  oranges  kept  in  air  and  in  nitrogen  and  noted 
that  carbon  dioxid  was  evolved  in  both  atmospheres. 

Lechartier  and  Bellamy  (1869)  found  that  apples  kept  in  an  oxygen- 
free  chamber  evolved  carbon  dioxid  for  about  eight  months  and  that 
alcohol  also  was  formed  almost  equaling  the  carbon  dioxid  in  amount. 
Pasteur  (1872)  called  attention  to  the  fact  that  the  ratio  of  this  produc- 
tion of  alcohol  and  of  carbon  dioxid  was  the  same  as  that  in  alcoholic 
fermentation.  Lechartier  and  Bellamy  (1872)  immediately  repeated 
their  work  and  succeeded  in  obtaining  alcohol  from  the  center  of  some 
apples,  to  which  place  it  was  impossible  for  yeast  to  have  gone.  This  is 
probably  the  first  undisputed  proof  of  the  formation  of  alcohol  by  higher 
plant  tissues.  It  is  the  first  indication  in  literature  of  the  dose  relatio  i- 
ship  between  anaerobic  respiration  and  alcoholic  fermentation. 

Pfeffer  (1878)  proposed  the  name  **  intramolecular  respiration  "  for  that 
respiration  occurring  in  the  absence  of  oxygen,  because  the  energy  and 
the  carbon  dioxid  come  from  the  destruction  of  the  molecule  from  which 
the  carbon  dioxid  arises.  He  held  that  aerobic  and  intramolecular 
respiration  were  genetically  connected,  and  that  the  existence  of  the 
intramolecular  respiration  was  the  reason  for  the  aerobic.  This  view  was 
strengthened  when  Pasteur  found  alcohol  in  the  inner  cells  of  an  apple 
that  had  been  kept  in  air.  It  has  been  shown  later,  however,  that  tiiis 
connection  is  not  so  dose  as  Pfeffer  believed. 

Budmer  (1897)  gave  great  impetus  to  the  study  of  the  nature  of 
anaerobic  respiration  when  he  showed  that  the  yeast  organism  contains 
an  enzyme,  zymase,  whidi  is  capable  of  trsmsforming  glucose  into 
alcohol  and  carbon  dioxid. 

Godlewski  and  Polzeniusz  (1901)  attempted  to  determine  whether 
various  seeds  contained  zymase.  They  found  that  in  the  absence  of 
oxygen,  carbon  dioxid  and  alcohol  are  formed  in  rather  large  quantities 
and  in  neariy  the  proportion  in  which  they  are  formed  in  alcoholic  fer- 
mentation    This  proportion  is  expressed  in  the  following  equation: 

CiHuOe  +  fermentation  =  2  COt  +  2  CiHsOH 

(1821)  B^rard,  — ,    Du  tabnok  tor  la  matttration  des  fruits.    Ann.  chim.  phirs.  i6:  22S'^St. 

!i864)  C«dioun,  A.    Sor  la  retpiratioa  des  fruits.    Compt.  rend.  58:  6S3-656. 

1869)  Lechartier,  O..  et  Bellamy,  P.    De  la  fermentation  des  fruits.    Compt.  rend.  69:  466-469. 

1872)  Pasteur.  L.    Note  sur  la  production  de  I'alcool  par  les  fruits.    Compt.  rend.  75:  X054-1056. 

1872)  Lechartier,  O.,  et  Bellamy,  P.    De  la  fermentation  des  fruits.    Compt.  rend.  75:  1 203-1 206. 

1878)  Pfeffer,  W.    Das  Wesen  und  die  Bedeutung  der  Athmung  in  der  Pflanse.    Landw.  Jahrb.  7: 8os« 

(X897)  Bnchner.  B.    AUcohoIische  GAhrung..ohne  Hefesellen.    Ber.  d.  deut.  chem.  GeselL  30> :  117-124. 
(190X;  Godlewski.  B.,  urul  Potseniusz,  P.    Uber  die  intramoleculare  Athmuns  von  in  Wasser  gebrachten 

Samen  und  aber  die  dabei  stattfindende  Alkoholbiklung.    BuL  Acad.  Sd.  Craoovie  (1901): 

327-276. 
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Since  two  molecules  of  each  substance  are  formed,  the  theoretical  ratio 
in  which  they  may  be  formed  is  the  ratio  of  the  molecular  weight  of 
the  carbon  dioxid  to  the  molecular  weight  of  the  alcohol.    This  is: 

CHiOH    46    104.S 

COs        44      100 

This  ratio  means  that  for  each  100  parts  by  weight  of  carbon  dioxid 
produced,  theoretically  104.5  parts  by  weight  of  alcohol  will  be  produced. 
These  authors  f  otmd  that  when  soaked  peas  are  placed  in  glucose  or  cane 
sugar  solutions,  some  of  the  sugar  disappears  and  the  increase  in  theamount 
of  carbon. dioxid  and  alcohol  produced  corresponds  very  closely  to  the 
amount  of  sugar  lost.  This  indicates  clearly  that  pea  seeds  are  capable 
of  producing  alcoholic  fermentation.  The  authors  were  tmable  to  isolate 
zymase  from  the  seeds,  but  their  work  gave  great  impetus  to  other 
investigators. 

Stoklasa  and  Czemy  (1903),  by  pulping  sugar  beets,  potatoes,  and  the 
like,  and  by  subjecting  the  pulped  tissue  to  a  pressure  of  300  atmospheres, 
succeeded  in  getting  an  enzyme  possessing  the  properties  of  Buch  er's 
zymase.  These  authors  reported  also  that  they  had  isolated  zymase  from 
peas  and  from  the  muscle,  heart,  Itmgs,  liver,  and  kidney  of  beef,  and 
since  that  time  Stoklasa  and  his  students  have  isolated  zymase  from  a 
wide  range  of  plant  and  animal  tissues. 

Nabokich  (1903)  held  that  there  are  two  kinds  of  intramolecular  respira- 
tion; that  one  is  a  true  alcoholic  fermentation  of  glucose;  and  that  the 
other  is  a  fermentation  of  glucose  with  the  additional  use  of  oi^anic  acids, 
such  as  lactic  acid,  and  various  other  organic  compounds,  resulting  in  a 
large  excess  of  carbon  dioxid  over  alcohol.  This  points  to  the  opinion 
that  alcoholic  fermentation  is  only  a  part  of  anaerobic  respiration. 

C#H  OH 

Stoklasa,  Ernest,  and  Chocensk^  (1906)  fotmd  that  the ratio 

CO2 

for  sugar  beets,  potatoes,  apples,  and  bean  and  vetch  seeds  under  anaerobic 

conditions  varies  not  ftuther  than  10  to  20  from  the  theoretical  104.5. 

From  sugar  beets  these  investigators  isolated  noticeable  quantities  of 

lactic  add.    They  concluded  that  in  most  cases  anaerobic  respiration  is 

an  enzymatic  process  identical  with  alcoholic  fermentation.    They  found 

also  that  in  the  case  of  sugar  beets  the  intensity  of  anaerobic  respiration 

for  the  temperatures  i**  to  3**  C,  18**  to  20**  C,  and  30**  to  32^  C.  varies 

between  .358  and  .6  of  the  intensity  of  normal  respiration. 

(1903)  StokUsa,  T..  und  Cserny,  P.  IsoUemng  det  die  anaCrobe  Athmung  der  Zelle  der  hdher  organi- 
■iertenlPflansen..und  Ticrc  bewtrkende  Enzyms.    Bcr.  d.  dcut.  |chem.  Gesell.  36*:  622-634. 

(1903)  Nabokich,  A.  J.  UberdieintramolekulareAtmungderbdherenPflansen.  Ber.  d.  deut.  bot.  Gesell. 
ai:  467-476. 

(1906)  Stoklasa,  J.,  Ernest,  A.,  und  Chocensk^,  K.  Uber  die  gtykolytischen  Bnxym  im  Pflansenorgan* 
ismus.    Zeitscb.  physiol.  Chem.  50:  303-360. 
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Several  other  investigators  found  in  anaerobic  respiration  a  similar 
production  of  alcohol  and  carbon  dioxid,  which  led  to  the  contention 
that  anaerobic  respiration  is  identical  with  alcoholic  fermentation.  It 
has  been  shown,  however,  in  the  papers  subsequently  cited,  that,  while 
alcoholic  fermentation  does  explain  a  large  part  of  the  production 
of  carbon  dioxid  in  anaerobic  respiration,  it  by  no  means  explains  all. 

Palladin  (1905)  contends  that  carbon  dioxid  arises  from  plants  under 
anaerobic  conditions  in  three  different  wa)rs: 

1.  "  NtJdeokohlens&ure,"  so  called  because  production  of  carbon  dioxid 
follows  closely  the  curve  of  the  total  nucleo-proteids.  This  is  caused  by 
enzymes,  some  of  which  are  soluble  in  the  juice  and  some  of  which  are 
insoluble.  The  latter  are  possibly  combined  with  the  protoplasm.  Zymase 
is  placed  in  this  group. 

2.  "  Reizekohlens&tu^,'*  that  which  is  formed  directly  by  the  protoplasm 
itself,  due  to  various  stimtdi  such  as  quinine  hydrochlorid  and  ether. 
These  two  stimuli  were  applied,  one  to  etiolated  vetch  shoots  in  lo-per- 
cent  cane  sugar  solution  and  the  other  to  gladiolus  bulbs.  The  series 
with  the  stimulus  gave  about  twice  as  much  carbon  dioxid  in  each  case 
as  did  the  check.  Both  series  were  then  frozen  in  order  to  loll  the  proto- 
plasm, and  the  stimulants  were  again  applied.  They  had  no  effect  after 
the  freezing. 

3.  "  Oxydasekohlensaure,"  that  carbon  dioxid  which  is  formed  by  the 
action  of  various  oxidases.  When  hydrogen  peroxid  (H2OJ)  was  added  to 
the  extracted  juice  of  gladiolus  bulbs,  a  marked  increase  occurred  in 
evolution  of  carbon  dioxid.  When  pjrrogallic  acid  was  added  to  this, 
the  evolution  of  carbon  dioxid  became  very  strong. 

Palladin  and  Kostytschew  (1906)  found  that  frozen  tops  of  etiolated 

C«H  OH 

Vicia  faba  plants  in  a  stream  of  hydrogen  gave  the  very  low 

COj 

ratio  of  17. i,  18.5,  and  8.4,  and  of  only  33  when  placed  in  sugar  solution. 
Other  examples  are  given  showing  that,  while  alcohol  production  is  depend- 
ent on  the  amount  of  zymase  present,  the  production  of  carbon  dioxid 
is  not  so  dependent. 

Kostytschew  (1908)  found  that  Agaricus  campestris  gives  an  abimdant 
evolution  of  carbon  dioxid  under  anaerobic  conditions,  but  no  alcohol. 
Neither  is  alcohol  produced  when  a  glucose  solution  is  added.  This  shows 
that  zyntiase  is  not  present  in  Agaricus;  but,  since  anaerobic  respiration 
continues,  it  suggests  also  that  alcoholic  fermentation  is  only  one  phase 
of  the  phenomenon. 

(1905)  PaHadin,  W.    ^ber  den  vwKhiedenen  Unpntnff  der  wfthrend  der  Atnrang  dtt  Pfl«iicen  auage- 

■chiedenen  Kohlensittre.    Ber.  d.  deut.  bot.  GeseU.  33:  ado-247. 

(1906)  PftUadin,  W..  tind  Kottrtschew,  S.    Anaerobe  Atmung,  Aikoholg&ning.  und  Acetonb^ldung  bei 

den  Samen{»flanxen.    Zeitsch.  phirsiol.  Chem.  48:  214-239. 
(S908)  Kottytachew.  S.    Zweite  Mitteiiung  aber  ana&robe  Atmung  ohne  AlkoholbUdung.    Ber.  d.  dent. 
bot.  OmOL  a6t:  167-177. 
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It  has  also  been  shown  by  a  number  of  investigators  that  a  wide  range 
of  carbon-containing  compounds,  not  fermentable  by  zymase,  can  be 
used  by  plant  tissue  in  the  anaerobic  production  of  carbon  dioxid. 

Since  zymase  seems  to  be  so  widely  distributed  in  the  tissues  of  plants, 
the  idea  of  its  having  some  particular  function  in  aerobic  forms  cannot 
but  suggest  itself.  Kostytschew  (1908  and  1910)  has  given  considerable 
experimental  data  and  has  proposed  some  hypotheses  with  reference  to 
the  subject.  He  showed  that  alcohol  is  produced  under  aerobic  conditions 
only  in  the  parts  that  are  most  poorly  aerated.  If  alcoholic  fermentation 
is  a  step  in  normal  respiration,  alcohol  should  be  used  by  the  organism 
at  least  as  readily  as  glucose.  In  Kostytschew's  experiments  alcohol  was 
foimd  to  be  used  with  great  diflSculty  or  not  at  all,  and  neither  could  lactic 
acid  be  used.  Both  had  a  retarding  effect  on  the  production  of  carbon 
dioxid.  Kostytschew  concluded  that  alcoholic  fermentation  is  the  first 
step  in  normal  respiration,  but  that  tmder  aerobic  conditions  it  goes  only 
as  far  as  the  formation  of  an  easily  oxidizable  substance  between  the  glucose 
and  the  lactic  add  and  alcohol.  In  the  absence  of  oxygen  this  fermenta- 
tion continues  to  the  production  of  lactic  acid  and  alcohol,  but  not  normally 
under  aerobic  conditions.  Kostjrtschew  called  alcohol  and  lactic  acid 
"  Nebenproducte,"  not  "  Zwischenproducte,"  of  respiration.  He  suc- 
ceeded in  showing  that  a  glucose  solution,  completely  fermented  by  zymin* 
and  freed  from  any  proteins  and  peptones,  contains  an  easily  oxidizable 
substance  that  will  reduce  Fehling*s  solution.  The  nature  of  this  substance 
is  unknown.  Kostytschew  showed  also  that  the  production  of  carbon 
dioxid  is  markedly  increased  by  surrounding  seeds  or  other  plant  tissues 
with  a  zymin-fermented  solution.  Considerable  attention  is  also  given 
by  this  author  to  the  relation  of  oxidases  to  the  process  of  respiration. 

Palladin  (1909)  has  attempted  to  explain  the  various  phenomena  of 
respiration.  He  divides  all  such  phenomena  into  two  classes  —  primary 
and  secondary.  In  the  primary  class,  the  materials  of  respiration  are 
broken  down  into  simple  products  without  the  tise  of  oxygen,  by  means 
of  enzymes.  The  chemical  reactions  consist  of  phenomena  of  reduction 
and  oxidation  similar  to  those  of  dry  distillation,  and  occur  at  the  expense 
of  the  combined  oxygen  within  the  cells.  Glucose  and  other  stable  sub- 
stances are  used  and  various  more  easily  oxidizable  products  arise.  Alcohol 
is  produced  only  in  absence  of  oxygen,  but  with  good  aeration  the  labile 
intermediate  products  are  oxidized  before  the  alcohol  stage  is  reached. 
In  the  secondary  class  of  respiration  phenomena  Palladin  places  the 

^  Zymin  is  a  commercial  i>reparation  made  by  drying  yeast  cells  with  acetone  and  ether.  The  proto- 
plasm is  killed  in  the  process,  out  the  zymase  is  prestunably  little  afitected. 

(1908)  Kostytschew,  S.     tJber  die  Anteilnahme  der  Zymase  am  Atmungsprozesse  der  Samenpflansen. 

Biochero.  ..Zeitsch.    m:    164-195- 

(1909)  Palladin. W.  tJberda8..Wesen  der  Pflanzenatmung.     Biochera.  2^itsch.  18:   151-206. 

(19x0)  Kostytschew,    S.      Uber  den  Vorgang  der  Zuckeroxydation  bei  der  Pflanxenatmung.     ZeiUrh, 
phjrsioL  Cbem.  67:  116-137. 
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various  oxidation  processes.  He  holds  that  these  are  maintained  krgdy 
by  oxidases  and  similar  enzymes. 

Since  it  had  been  shown  by  a  ntmiber  of  investigators  that  a  wide  range 
of  organic  compounds  were  used  in  anaerobic  respiration,  and  ^nce  Pal- 
ladin  had  called  attention  to  a  production  of  carbon  dioxid  in  certain 
cases  which  varied  directly  with  the  nudeo-proteids,  and  since  others 
had  indicated  that  proteins  might  be  used  in  anaerobic  respiration  the 
same  as  glucose,  Godlewski  (191 1)  tmdertook  to  determine  to  what  extent 
production  of  carbon  dioxid  could  be  correlated  with  protein  decomposition. 
He  concluded  that  anaerobic  decomposition  of  protein  proceeds  independ- 
ently of  intramolecular  respiration;  that  it  is  an  enzymatic  process  which 
continues  long  after  the  evolution  of  carbon  dioxid  has  ceased,  and  after 
the  death  of  the  protoplasm.  He  found  also  that  sugar  increases  the  rate 
of  evolution  of  carbon  dioxid  but  hinders  the  rate  of  protein  decomposition. 
Citric  add  markedly  decreases  the  output  of  carbon  dioxid. 

An  increase  of  temperature  was  found  by  von  Chudiakow  (1894)  to 
increase  the  rate  of  anaerobic  production  of  carbon  dioxid  according  to 
the  Van't  HoflE-Arrhenius  law,  just  as  in  aerobic  respiration.  Von  Chudi- 
akow came  to  the  condusion  that  in  anaerobic  respiration  the  total  amotmt 
of  carbon  dioxid  produced  is  the  same  whether  at  high  or  low  temperatures, 
the  evolution  at  low  temperatures  continuing  for  a  suffidently  longer 
time  to  make  up  for  the  difference  in  rate.  In  order  to  determine  the 
effect  of  temperattire,  von  Chudiakow  heated  the  object  for  a  given  length 
of  time  to  a  given  temperature,  then  raised  the  temperature  to  that  next 
desired,  and  so  on.  Palladin  (1899)  pointed  out  that  when  a  plant  is 
heated  to  any  temperature  and  then  cooled  to  the  original  temperature, 
the  rate  of  respiration  will  not  be  the  same  as  that  before  the  heating. 
The  work  of  von  Chudiakow  has  been  objected  to  on  this  ground  by  some 
investigators,  but  Kuyper  (1909-1910)  found  that  temperattire  does  not 
become  injtirious  imtil  it  goes  above  25**  C.  or  thereabout,  varying  with 
the  kind  of  tissue  used.  Bdow  25*  C.  Kuyper  found  the  ratios  to  vary 
directly  with  the  temperature.  This  gives  wdght  to  the  work  of  von 
Chudiakow,  although  there  is  still  the  objection  that  the  time  interval 
which  he  used  was  rather  short. 

Pourievitch  (1905)  has  shown  that  the  age  of  the  particular  plant  and 
the  amount  of  nutritive  material  that  it  contains,  together  with  other 

(185)4)  von  Chudialoow,  N.    Bdtrige  xur  KenntniM  der  intnmolekularen  Athmonff.    Landw.  Johrb.  aj: 

(1809)  PaUadinTw.    Influence  dee  changements  de  temperattire  sur  la  respiration  dee  plantet.    Rer. 

gfia,  bot.  XX :  a^i-^s?* 
(1905)  Poorievitch,  K.    lofhMBoe  de  la  temperature  war  la  respiration  des  plantes.    Amu  sci.  nat.  (IX) 

x:  1-33. 
(1909*1910)  Kuyper.  J.    The  faflttwyie  of  temperature  upon  the  respiration  oC  higher  plants.    Proc  Sec 

Sd.  Rov.  Acad. .. ScL  Amsterdam  xa:  219-227, 
(xpix)  (kxllewski.    B.     Uber  anaerobe  Biwelsssersetzung  und  intramolekulare  Atmung  in  den  Pflanaen. 

BuL  Acad.  Sd.  Craoovie  (ipxx):  623-7x7. 
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considerations,  modify  rather  markedly  the  sensitiveness  of  the  plant  to 
temperature  changes.  This  would  affect  von  Chudiakow's  results,  since 
he  used  one  set  of  material  for  several  changes  of  temperature. 

The  absence  of  oxygen  is  very  quickly  manifested  on  growth,  which 
ceases  almost  abruptly.  Takahashi  (1905),  Crocker  (1907),  Nabokich 
(1909),  Lehmann  (1911),  Shull  (1911),  and  others  have  studied  growth 
in  the  complete  absence  of  oxygen  and  in  small  amounts  of  it.  Growth 
in  the  absence  of  oxygen  is  reported  in  the  cases  of  a  fairly  large  number 
of  the  higher  plants,  but  not  in  all  under  the  conditions  tried.  This  growth, 
however,  is  so  slight  as  to  be  insignificant,  and  it  seems  to  be  influenced 
by  many  factors  besides  oxygen,  such  as  nutrition,  temperature,  age, 
carbon  dioxid,  and  the  like. 

The  reversibility  of  chemical  reactions  holds  for  enzymatic  transforma-r 
tions  as  well  as  for  inorganic  chemical  ones.  The  rate  of  chemical  reac- 
tion decreases  with  an  accumulation  of  the  products  of  the  reaction  until 
the  reaction  finally  ceases.     This  is  true  in  respiration.     Kostytschew 

(1910)  showed  that  alcohol  materially  decreased  the  rate  of  anaerobic 

respiration.    The  effect  of  an  accumulation  of  carbon  dioxid  is  manifested 

in  a  variety  of  ways.    De  Saussure  (1804)  found  that  bean  plants  withered 

directly  in  an  atmosphere  of  two  thirds  or  more  carbon  dioxid.    In  50  per 

cent  carbon  dioxid  they  were  dead  in  seven  days;  in  25  per  cent  they 

lived  ten  days  with  no  growth;  and  they  grew  much  better  in  8|  per  cent 

carbon  dioxid  than  in  12}  per  cent,  in  sunlight.    Loproire  (1895)  studied 

the  effect  of  carbon  dioxid  on  the  growth  of  molds,  yeasts,  pollen  tubes, 

and  the  like,  and  found  considerable  variation.    When  25  per  cent  oxygen 

was  present  in  the  gas,   carbon  dioxid  inhibited  the  growth  of  pollen 

tubes  only  when  present  in  large  amounts.     Different  kinds  of  pollen 

showed  wide  variation.    Mangin  (1896)  placed  starchy  and  oily  seeds  in 

various  stages  of  germination  in  atmospheres  of  i  to  3  per  cent  and  4 

to  s  per  cent  carbon  dioxid.    Both  evolution  of  carbon  dioxid  and  absorp- 

CQi 
tion  of   oxygen  were  decreased  in  the  latter  case;   likewise   the  

Qi 
ratio  was  raised,  indicating  that  the  carbon  dioxid  had  decreased  absorp- 
tion of  oxygen  more  than  evolution  of  carbon  dioxid. 

(1804)  De  Saussure,  Th.    Influence  du  gas  carbonique  sur  la  v6g6tation.    Recherches  chimiques  sur  la 
v^^tation,  ..25-34. 

(1895)  Loprone,  O.    Uber  die  Binwirkung  der  KohlensAure  auf  das  Protoplasma  der  lebenden  Pflanzen- 

xelle.    Jahrb.  wiss.  Bot.  a8:  S3 1-626. 

(1896)  Mangin,  L.  Sur  la  v6g6tation  ouis  une  atmosph^   vici6e  par  la  respiration.     Compt.   rend. 

1M«:  747-749. 

iiQOS)  Takahashi,  T.    Is  germination  possible  in  absence  of  air?    Bui.  Col.  Agr.  Tokyo  6:  439-442. 
1907)  Crocker,  William.    Germination  of  seeds  of  water  plants.    Bot.  Gas.  44:  375-380. 
1909)  Nabokich,  A.  J.    Tcmporirc  Ana«robiose  hOherer  Pflanxen.    Landw. Jahrb.  38:  si-194. 
(Z910)  Kost/tsche«%  S.    uber  den  Vorgang  der  Zuckeroxydation   bei  der   Pflanzenatmung.      Zeitsch. 
pnxpiot  Chcm.  67:  x  16-137. 

(1911)  L^mlnn,  B.    Zur  Kenntnis  des  anaeroben  Wachstum  hdherer  Pflansen.    Jahrb.  wiss.  Bot.  49: 

61-90. 
(X9i  z)  Shull,  C.  A.    The  oxygen  minimum  and  the  germination  of  Xantbitmi  seeds.  Bot.  Gas.  $2:  453-477' 
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Gore  (191 1  and  1912)  and  Lloyd  (191 1)  have  shown  that  carbon  dioxid 
applied  to  persimmons  has  the  effect  of  destroying  the  astringency,  due 
prestimably  to  a  transformation  of  the  tannin  into  an  insoluble  compound. 
The  length  of  time  necessary  for  this  transformation  varied  widely  with 
different  sorts.  Softwiing  was  usually  retarded  during  the  process  but 
increased  noticeably  when  the  process  was  finished.  Some  varieties 
colored  more  quickly  after  the  treatment,  while  others  were  not  thus 
affected.  The  flesh  of  the  fruit  darkened  somewhat  after  the  treatment, 
particularly  if  it  was  carried  a  little  too  far.  The  flavor  in  a  number  of 
cases  was  slightly  inferior  to  that  of  the  tmprocessed  fruits.  At  ordinary 
temperatures  the  processed  fruit  perished  in  most  cases  quicker  than  the 
unprocessed.  These  experiments  show  that  carbon  dioxid  materially 
affects  several  of  the  metabolic  ftmctions. 

Gerber  (1903)  noted  that  an  increased  percentage  of  oxygen  increased 
the  respiratory  quotient  and  hastened  the  maturation  of  unripe  bananas, 
but  decreased  the  respiratory  quotient  in  ripe  bananas.  Whenever  this 
fell  below  tmity  in  the  case  of  ripe  fruits,  the  aroma  was  decreased.  This, 
Gerber  thinks,  is  because  the  alcohols,  which  otherwise  produce  volatile 
oils,  are  oxidized. 

Powell  and  Fulton  (1905)  made  a  study  of  apple  scald.  This,  they 
think,  is  a  physiological  breakdown  of  the  tissues  of  the  fruit,  probably 
due  to  oxidizing  enzymes.  It  is  described  as  a  browning  of  the  flesh  just 
under  the  skin,  giving  a  semi-baked  appearance  to  the  fruit.  It  is  very 
conunon  on  some  varieties  of  apples  kept  in  cold-storage,  more  than  fifty 
per  cent  of  the  fruit  being  affected  in  some  cases.  These  authors  found 
that  immature  fruit  is  much  more  subject  to  scald  than  is  mature,  well- 
colored  fruit.  Fruit  that  is  not  stored  for  several  days  after  having  been 
picked  in  hot  weather  scalds  badly  in  storage.  In  the  study  here  referred 
to,  paper  wrappers  did  not  reduce  the  scald  but  paraffined  wrappers  are 
reported  to  have  done  so.  Air  containing  formaldehyde,  sulfur  dioxid, 
chlorin,  alcohol,  ether,  chloroform,  or  turpentine  had  no  effect  on  the 
scalding  of  Ben  Davis  apples  but  the  apples  were  injured  in  several  cases. 
The  scald  was  increased  in  an  atmosphere  of  moist  oxygen,  but  was  entirely 
prevented  in  an  atmosphere  of  nitrogen  for  nine  days.    It  was  retarded 

(1903)  Gerber,  M.  C.    Influence  d*tine  augmentation  momentan^  de  la  tension  de  I'oxyg^e  sur  laresx>ira- 
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55:  269-271. 
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Bui.  48:  1-64. 
(191 1)  Gore,  H.  C.    Experiments  on  the  processing  of  persimmons  to  render  them  nonastringent.     U.  S. 

Dept.  Agr..  Bur.  Chem.  Bui.  141:  1-3X. 
(191 1)  Lloyd.  P.  B.    Carbon  dioxide  at  high  pressure  and  the  artificial  ripening  of  persimmons.    Science 

n.  s.  34:  924-928. 
(X912)  Gore,  H.  C.    Ls^  scale  experiments  on  the  proceMing  of  Japanese  persimmotts.    TJ.  S.  Dept. 
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when  the  fruits  were  plax^  in  water  or  covered  with  vaseline,  paraffin, 
or  olive  oil.  The  apples  had  been  kept  in  cold-storage  for  several  months 
prior  to  the  experiments.  Neither  the  duration  of  these  experiments  nor 
the  temperature  employed  is  given. 

It  is  not  the  purpose  of  the  writer  to  consider  the  literature  critically 
or  to  criticise  the  many  interpretations  that  may  be  placed  on  the  publi- 
cations mentioned  above.  All  that  is  4esired  is  to  suggest  a  few  of  the 
concepts  which  seem  to  be  prominent  in  the  literature. 

From  this  brief  review  it  is  apparent  that  many  widely  different  kata- 
bolic  processes  occur  in  plant  tissues  in  the  absence  of  oxygen;  that  these 
katabolic  processes  are  maintained  largely  by  enzymes;  that  there  is  a 
profuse  and  frequently  long-continued  evolution  of  cait)on  dioxid  as  a 
result  of  these  processes;  that  the  carbon  dioxid  is  produced  by  a  variety 
of  enzymes  and  probably  in  some  cases  partly  by  the  living  protoplasm 
itself;  that  the  carbon  dioxid  arises  principally  from  the  decomposition 
of  sugar  by  zymase;  that  a  considerable  quantity  of  carbon  dioxid  arises 
from  the  decomposition  of  fats,  of  certain  cyclic  oompoimds,  and  of  many 
other  organic  substances  by  means  of  the  various  enzymes;  that,  besides 
the  processes  producing  carbon  dioxid,  there  are  others,  such  as  protein 
decomposition,  which  proceed  independently  and  in  some  cases  last  longer; 
that  alcohol,  lactic  acid,  glycerin,  and  other  materials  are  produced, 
depending  on  the  presence  of  zymase  and  of  suitable  carbohydrates;  that 
production  of  carbon  dioxid  and  other  processes  are  materially  affected 
by  various  substances,  as  salts,  acids,  alkalies,  alcohol,  carbon  dioxid,  and 
various  stimulants,  and  by  changes  in  temperature. 

EXPERIMENTAL  WORK 
respiration  of  fruits  and  germinating  seeds  in  hydrogen,  nitrogen, 

AND  AIR 

Studies  were  made  of  the  production  of  carbon  dioxid  in  hydrogen,  in 
nitrogen,  and  in  air  by  ripe  cherries,  blackberries,  green  peaches,  ripe 
grapes,  and  germinating  wheat.  The  hydrogen  was  obtained  from  a 
cylinder  of  the  compressed  gas  furnished  by  the  Department  of  Physics 
at  Cornell  University.  The  nitrogen,  or  oxygen-free  air,  was  obtained 
by  passing  air  over  red-hot  copper  in  a  combustion  furnace.  The  air  was 
obtained  from  an  automatic  electric  pump  attached  to  a  compression 
tank.  The  hydrogen  and  the  nitrogen  were  each  passed  through  three 
wash-bottles  containing  potassiimi  pyrogallol  renewed  often  enough  to 
insure  freshness.  This  removed  traces  of  oxygen  and  of  carbon  dioxid. 
The  nitrogen  was  so  free  from  oxygen  that  the  alkalin  pyrogallol  was  not 
darkened  noticeably  by  it  in  a  half-hour.    The  hydrogen  was  made  elec- 
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troljrtically  and  before  passing  through  the  alkalin  pyrogallol  it  contained 
only  a  very  slight  amount  of  oxygen.  The  air  was  passed  through  a 
wash-bottle  containing  a  solution  of  potassium  hydroxid  (KOH).  All 
three  gases  were  passed  through  wash-bottles  containing  water  before 
they  entered  the  respiration  chambers.  This  prevented  a  backward 
absorption  of  the  carbon  dioxid. 

The  respiration  chambers  consisted  of  glass  bottles  each  having  a 
capacity  of  250  cubic  centimeters.  Each  bottle  was  fitted  with  a  two- 
holed  rubber  stopper.  A  glass  tube  extending  just  through  the  stopper 
led  the  gas  into  the  chamber,  and  another  glass  tube  reaching  to  the 
bottom  of  the  chamber  drew  the  gas  away.  The  gas  was  led  from  the 
respiration  chamber  through  a  jar  of  calcium  chlorid  and  then  through 
a  Mohr  potash  bulb,  in  which  the  carbon  dioxid  was  collected  and 
weighed.  In  order  to  prevent  absorption  of  moisture  from  the  air  by  the 
potash  bulb,  the  gas,  on  leaving  the  bulb,  was  led  through  another  jar 
of  calcium  chlorid. 

The  temperature  was  controlled  to  within  J®  C.  by  placing  the 
respiration  bottles  in  water  in  a  basin  constructed  for  the  purpose. 
The  water  was  heated  by  an  electric  heater  of  nichrome  ribbon;  and  the 
temperature  was  controlled  by  connecting  a  mercury  thermostat  with  a 
gravity  cell  and  a  telegraphic  relay  in  such  a  manner  that  the  current 
through  the  heater  would  be  automatically  turned  off  or  on  at  any 
desired  temperature.  An  electric  motor  was  used  for  running  a  stirrer 
by  means  of  which  the  temperature  of  the  water  was  kept  uniform 
throughout. 

The  respective  gases  were  conducted  in  glass  tubes  with  very  close 
connections  of  rubber  tubing.  The  experiments  were  alwa)rs  run  in  trip- 
licate. The  stream  of  gas  through  each  chamber  was  regulated  to 
about  500  bubic  centimeters  per  hour.  The  potash  bulbs  were  weighed 
usually  twice  daily  and  the  hourly  rate  computed  from  the  weights  thus 
found. 

The  fruits  in  each  respiration  chamber  were  careftilly  weighed,  and  were 
sterilized  when  it  was  possible  to  do  this  without  injtuy  to  the  fruit.  An 
equal  ntunber  of  fruits  were  used  in  each  case,  and  the  amount  used  gen- 
erally weighed  about  fifty  grams.  The  data  were  then  all  computed  on 
the  one-hundred-gram  basis  for  comparison. 

The  Roman  numerals  I,  II,  and  III  were  used  for  designating  the  series 
in  air,  in  nitrogsn,  and  in  hydrogen,  respectively,  and  the  letters  a,  b,  and 
c  were  used  for  the  individual  members  in  each  series:  thus,  la,  Ibv  and  Ic 
indicate  the  series  in  air;  Ila,  lib,  and  lie,  the  series  in  nitrogen;  and  Ilia, 
Illb,  and  IIIc,  the  series  in  hydrogen.  The  denotation  of  any  series  in 
addition  to  these  will  be  found  with  that  series. 
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Respiration  of  ripe  cherries 

Well-ripened  Duke  cherries  were  tised.  These  were  sound  cherries, 
carefully  chosen.  The  flesh  was  firm  and  the  cherries  were  sour.  Fifteen 
cherries  were  chosen  for  each  test,  their  aggr^ate  weight  being  about 
50  grains.  Each  stem  was  cut  about  one  centimeter  from'  the  fruit.  The 
fifteen  cherries  were  placed  in  cheesecloth,  dipped  in  ps-per-cent  alcohol 
then  twice  in  sterile  water,  and  placed  in  the  sterile  respiration  chambers. 
The  gases  were  passed  through  the  chambers  for  one  hour  before  the  col- 
lection of  carbon  dioxid  began. 

There  were  two  series  of  these  cherries.  The  first  was  kept  in  a  con- 
tinuous current  of  the  respective  gases.  The  second  was  surroimded  by 
the  respective  gases  and  a  current  passed  through  for  one  half-hour  twice 
daily,  in  order  to  remove  the  carbon  dioxid.  The  first  series  (Table  2a) 
is  designated  by  the  Roman  numerals  and  letters  la,  lb,  and  Ic  for  air, 
Ua,  lib,  and  lie  for  nitrogen,  and  Ilia,  Illb,  and  IIIc  for,  hydrogen,  as 
already  described;  the  second  series  (Table  2b)  is  designated  by  IVa,  IVb, 
and  rVc  for  air,  Va,  Vb,  and  Vc  for  nitrogen,  and  Via,  VIb,  and  Vic 
for  hydrogen.    The  temperature  was  30®  C.  throughout. 

The  series  was  started  on  July  13  and  continued  for  two  and  one  half 
days.  Five  determinations  of  carbon  dioxid  from  each  were  taken.  In 
Table  i  are  given  the  weights  of  each  group  of  fifteen  cherries.  In  tables 
3A  and  2B  are  given  the  number  of  hours  of  each  nm,  the  amount  of 
carbon  dioxid  in  milligrams  per  hour  for  each  100  grams  of  cherries, 
for  each  period  and  for  the  entire  period,  and  the  .ratios  of  the  weights 
of  carbon  dioxid  produced  in  nitrogen  and  hydrogen  to  that  produced  in 
air. 

TABLE  I.    Weight  op  the  Piftbbn  Cherribs  in  Each  Respiration  Chamber 


Groups 

Grams 

Groups 

Grams 

la 

49.7 
51.0 
48.0 

IVa 

44.6 
51.2 
46.6 

lb     

IVb 

Ic 

IVc 

Ila       

48.5 
48.0 

47.7 

Va 

4616 
46.2 

lib     

Vb 

lie           

Vc 

Ilia 

46.8 
50.0 
48.2 

Via 

44  9 
48.3 
46.0 

Illb 

VIb 

IIIc   

Vic 
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TABLE  2A.  Average  Hourly  Production  op  Carbon  Dioxid  in  Milligrams 
PER  100  Grams  op  Ripe  Cherries  in  Air,  Nitrogen,  and  Hydrogen  at  30"*  C. 
In  Continuous  Current  op  Respective  Gases 


Period 

I 

2 

3 

4 

5 

Average 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period — 

8.5 

10.5 

15.0 

9.5 

14.0 

•57.5 

Groups  in  air 

Mg.  per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.  per 
.  hour 

la 

8.8 
Lost 
12.9 

12.6 

8.6 

15.4 

12.2 
16.8 
12.7 

139 
16.9 

13.7 

13  9 
18. 1 
16.6 

12.5 
15.6 
14.4 

lb 

Ic 

Averse 

10.8 

12.2 

13  9 

14.8 

16.2 

14.2 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period. . . . 

10. 0 

10. 0 

15.5 

9.5 

14.0 

•59.0 

Groups  in  nitrogen 

Mg.per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Ha 

II. 2 
13.7 
17.7 

II. 0 
13.9 
15.7 

10. 1 
12.8 

11. 2 

10.4 
14.1 
14.0 

8.1 

II. 7 

9.0 

10. 0 

lib 

13. 1 

lie 

13.0 

Average 

14.2 

13.5 

II. 4 

12.8 

9.6 

12.0 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ant 

I.31 

I. II 

.81 

.86 

.59 

.85 

N    

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period — 

II. 0 

10. 0 

15.5 

9.5 

14.0 

•60.0 

Groups  in  hydrogen 

Mg.  per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Illa 

11.6 

10. 1 

9.9 

II. 5 
12.3 
134 

13.7 

13.4 

9.7 

12.7 
9.3 
9.7 

II. 8 

10.2 

8.9 

12.4 

Illb          

II. 3 

IIIc  

10.2 

Average 

10.5 

12.4 

12.3 

10.6 

10.3 

II. 3 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An  . 

.97 

1.02 

.88 

72 

.64 

.80 

N 

*  Total  houn.  not  average. 

t  Ratio  ci  anaerobic  reipiratkin  to  nonnal  reepiration. 
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TABLE  2B.  Average  Hourly  Production  op  Carbon  Dioxid  in  Milligrams 
PER  100  Grams  of  Ripe  Cherries  in  Air,  Nitrogen,  and  Hydrogen  at  30**  C. 
In  Current  of  Respective  Gases  for  One  Half-hour  Twice  Daily 


Period 

I 

2 

3 

4 

5 

Average 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period  — 

12.0 

9.5 

16.5 

8.5 

14.0 

•60.5 

Groups  in  air 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

IVa 

10.8 
Lost 
II. 6 

12.8 
Lost 
12.0 

12.9 
Lost 
II. 9 

14.2 

9.8 

II. 4 

14.2 
II-5 
10.4 

13.0 

IVb 

IVc 

II  5 

Average 

II. 2 

12.4 

12.4 

II. 8 

12.0 

12 .2 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period  — 

13  5 

9  5 

16.5 

8.5 

14.0 

•62.0 

Groups  in  nitrogen 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Va 

13.2 
II. I 
10.6 

13  2 
10.2 
II. 2 

10.6 
10. 0 
10.3 

9.2 
8.4 

8.0 
6.8 

7.8 

10.8 

Vb 

9  3 
9  7 

Vc 

Average 

II. 6 

11.5 

10.3 

8.6 

7.5 

9  9 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An 

1.04 

•93 

•83 

.73 

.63 

.81 

N 

Hours 

Hoiu^ 

Hours 

Hoiu^ 

Hours 

Hours 

Duration  of  period  — 

13  5 

10. 0 

16.0 

8.5 

14.0 

•62.0 

Groups  in  hydrogen 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hoiu" 

Mg.  per 
hour 

Mg.  per 
hour 

Via 

13.6 
10. 0 
12.2 

12.9 
II. 8 
II. 6 

11.5 
10.8 
II. 2 

10.5 
10. 1 

11.5 

8.3 

8.7 

10. 1 

II  3 
10.2 

VIb 

Vic 

II  .2 

Average 

II  9 

12. 1 

II. 2 

10.7 

9.0 

10.9 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An 

1.06 

.98 

.90 

•92 

.75 

.89 

N  

•  Total  hours,  not  average. 
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It  will  be  seen  from  Table  i  that  there  was  considerable  diversity  in 
the  weights  of  the  several  groups  of  15  cherries,  notwithstanding  the  fact 
that  the  cherries  had  been  chosen  with  a  view  to  uniformity.  The  cherry 
stones  were  more  nearly  utiiform  in  weight  than  were  the  whole  cherries, 
consequently  the  proportion  of  flesh  in  lb,  weighing  51  grams,  was  greater 
than  in  Ilia,  weighing  46.8  grams.  The  cherries  were  not  all  from  the 
same  tree.  Some  were  ftxmi  shaded  parts  of  a  tree  and  some  from  well- 
lighted  parts.  Some  came  ftxmi  heavily  loaded  limbs  and  others  from  limbs 
bearing  only  a  few  cherries.  All  such  factors  cause  the  water  content,  the 
acid  content,  the  sugar  content,  and  presumably  the  enzymatic  content 
of  the  fruit  to  vary;  and  since  all  such  factors  influence  the  production 
of  carbon  dioxid  a  wide  variation  is  to  be  expected,  no  matter  how  tmi- 
formly  the  fruits  may  be  grouped  together  after  having  been  picked.  The 
same  applies  to  all  the  other  fruits  used,  and  is  probably  sufficient  to 
explain  a  large  part  of  the  individual  variations  in  the  rates  of  evolution 
of  carbon  dioxid. 

Another  cause  of  individual  variation  was  as  follows:  The  flow  of  gas 
through  each  chamber  was  regulated  by  a  pinchcock  so  as  to  give  about 
two  to  three  bubbles  per  second  through  the  potash  bulbs.  Sometimes, 
in  the  absence  of  the  operator,  a  jar  of  calcitun  chlorid  or  a  potash  bulb 
would  become  sufficiently  clogged  to  decrease  this  rate  by  perhaps  half 
and  increase  the  others  correspondingly.  This  wotdd  slightly  increase 
the  amoimt  of  carbon  dioxid  collected  in  the  one  case  and  slightly  decrease 
it  in  the  others.  In  the  following  run  the  carbon  dioxid  that  had  accu- 
mulated in  the  chambers  through  which  the  gas  flow  was  slowest  would  be 
caught,  and  this  would  give  those  chambers  a  correspondingly  higher 
rate  for  that  period.  At  times  the  temperatixre  of  the  room  was  consider- 
ably colder  than  at  other  times.  While  this  would  not  affect  the  respira- 
tion chambers,  it  wotdd  affect  the  temperatixre  of  the  gases  in  the  tanks 
and  thus  cause  a  variation  in  the  rate  of  flow. 

The  method  of  calculating  and  expressing  the  data  in  tables  2A  and  2B 
and  the  other  similar  tables  is  as  follows:  The  different  periods  are 
expressed  by  the  ntunerals  i,  2,  3,  4,  and  5  in  a  horizontal  row,  and  just 
under  the  ntunber  of  each  period  is  given  the  ntunber  of  hours  duration 
of  that  period.  The  total  number  of  hours  of  the  entire  period  is  given 
at  the  right  of  this  row.  The  members  of  each  series,  la,  lb,  Ic,  or  Ila, 
lib,  lie,  and  so  on,  are  arranged  in  a  colimm,  and  the  number  of  milli- 
grams of  carbon  dioxid  produced  by  each  member  in  each  period  is  placed 
tmder  the  corresponding  period  number.  In  the  last  column  the  average 
of  each  member  for  the  entire  period  is  given.  Below  the  members  of 
the  series  is  given  the  average  of  the  triplicates  for  each  period.  In  the 
nitrogen  and  hydrogen  series,  the  ratio  of  anaerobic  production  of  carbon 
dioxid  to  normal  production,  expressed  as  -ir*  is  given  for  each  period. 
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This  was  obtained  by  dividing  the  average  rate  for  each  period  in  those 
gases  by  the  corresponding  rate  in  air. 

In  Table  2A  a  number  of  things  are  shown  very  markedly,  despite  the 
individual  variations: 

X.  About  the  same  amount  of  carbon  dioxid  was  produced  in  nitrogen 
as  in  hydrogen.  Hence  neither  of  these  gases  hinders  anaerobic  respira- 
tion of  ripe  cherries  more  than  the  other. 

2.  Approximately  as  much  carbon  dioxid  was  produced  during  the  first 
thirty-six  hours  in  both  nitrogen  and  hydrogen  as  in  air.  The  production  of 
carbon  dioxid  in  ripe  cherries  is  apparently  caused  by  processes  quite  inde- 
pendent of  the  absorption  and  use  of  oxygen,  since  the  rate  is  maintained  so 
well  in  hydrogen  and  nitrogen  and  is  as  great  as  that  in  air  to  b^in  with. 

3.  The  hourly  rate  of  evolution  of  carbon  dioxid  during  the  sixty  hours 
decreased  only  slightly  in  nitrogen  and  scarcely  any  in  hydrogen,  while 
it  increased  rather  markedly  in  air.  The  increase  in  air  was  probably 
not  due  to  a  yeast  or  other  infection,  since  such  an  infection  at  once  gives 
a  very  rapid  increase  in  evolution  of  carbon  dioxid,  such  as  was  not  found 
in  this  case.  It  is  possible  that  at  30®  C.  the  ripening  of  fruit  is  attended 
by  a  production  of  various  carbon-dioxid-producing  enz3rmes  which  is 
favored  by  oxygen,  and  that  an  increased  production  of  these  enzymes 
might  account  for  the  increased  rate  of  evolution  of  carbon  dioxid  in  air. 

In  order  to  obtain  the  ratio  of  anaerobic  respiration  to  normal  respira- 
tion, the  average  hourly  production  for  each  period  in  nitrogen  and  in 
hydrogen  was  divided  by  the  corresponding  average  in  air.  The  ratio  is 
written  -jT'  It  declines  markedly  in  both  nitrogen  and  hydrogen  after 
the  second  period,  although  it  was  slightly  greater  than  unity  during  that 
period.  The  apparent  decline  is  due  not  so  much  to  a  reduction  in  the 
hourly  rate  in  nitrogen  and  hydrogen  as  to  an  increase  in  the  rate  in  air. 

The  vertical  colimin  of  averages  at  the  right  was  obtained  by  dividing 
the  total  amount  of  carbon  dioxid  produced  in  each  case  by  the  total 
number  of  hours.  The  average  rate  in  both  nitrogen  and  hydrogen  is 
seen  to  be  about  the  same  as  the  individual  rates  in  those  series. 

In  Table  2B  are  given  the  results  with  a  series  identical  with  those 
used  for  Table  2A,  except  that  the  gases  were  drawn  through  the 
respiration  chambers  twice  daily  for  one  half-hour  only,  in  order  to  remove 
the  carbon  dioxid  for  determination. 

In  all  three  members  of  the  nitrogen  series  there  is  a  decline  in  the 
hourly  rate  after  the  first  two  periods.  There  is  a  slight  decline  in  the 
hydrogen  series.  In  air  the  rate  is  more  nearly  uniform,  with  a  tendency 
to  rise,  and  the  hourly  rates  for  the  first  two  periods  in  air  are  again  about 
the  same  as  in  nitrogen  and  hydrogen.  The  average  rates  are  slightly  lower 
than  in  the  corresponding  series  shown  in  Table  2A.  This  is  probably  due 
to  an  accumulation  of  carbon  dioxid  in  the  chambers  between  the  runs. 
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At  the  end  of  the  experiments  the  cherries  kept  in  nitrogen  and  in 
hydrogen  gave  a  strong  iodoform  test  for  alcohol  and  also  had  a  slightly 
fermented  flavor.  They  were  a  trifle  bleached  in  spots;  otherwise,  no 
difference  could  be  seen  between  them  and  those  kept  in  air. 

These  experiments  seem  to  show. that  for  a  considerable  period  of  time 
the  respiratory  processes  in  ripe  cherries  are  about  as  active  in  the  absence 
of  oxygen  as  in  the  presence  of  it.  This  hypothesis  seems  to  suggest 
that  these  processes  might  be  maintained  for  the  most  part  by  enzymes 
and  probably  not  to  any  great  extent  by  the  living  protoplasm.  In  spite 
of  the  high  probable  error  due  to  difference  in  the  hourly  rate  of  evolution 
of  carbon  dioxid,  some  reasons  for  which  have  already  been  pointed  out, 
the  triplicate  experiments  herein  described  seem  to  point  consistently  to 
the  above  concltisions. 

Respiration  of  blackberries 

A  series  of  experiments  similar  to  those  with  cherries  was  run  with  ripe 
blackberries.  The  surfaces  of  these  fruits  were  so  imeven  that  they  could 
not  be  sterilized.  The  first  period  of  their  respiration,  however,  gave  a 
yield  of  carbon  dioxid  as  great  in  both  nitrogen  and  hydrogen  as  in  air. 
No  tables  for  the  blackberries  are  given  for  the  reason  that  because  of 
micro-organisms  the  evolution  of  carbon  dioxid  became  too  irr^ular  after 
the  first  period  to  be  of  any  value. 

Respiration  of  green  peaches 

A  series  with  green  peaches  taken  just  at  the  time  when  the  stone  was 
hardening,  at  which  time  the  fruits  were  about  half  grown,  was  run  in 
order  to  see  the  behavior  of  the  green  growing  tissue.  The  same  respira- 
tion chambers  were  used  as  with  the  other  fruits. 

Three  peaches  were  placed  in  each  respiration  chamber.  The  weight 
of  the  peaches  in  each  chamber  is  given  in  Table  3 : 


TABLE  3. 

Weight  op  thb  Three  Green 
Chamber 

Peaches 

IN 

Each 

Respiration 

Groups 

Grams 

la 

58  8 
55  4 

lb 

Ic 

Ila 

556 
56.1 
55  3 

lib 

lie 

Ilia 

55.5 
51.8 

56.9 

Illb 

IIIc 

No  attempt  was  made  to  sterilize  the  peaches.     The  series  was  run 
at  30^  C.  and  the  details  of  manipulation  were  the  same  as  in  the  series 
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with  cherries.  The  experiments  extended  from  Jtdy  20  to  July  26.  They 
were  run  for  eight  periods  (90.5  hours)  in  the  respective  gases  and  then 
they  were  all  run  in  air  for  four  periods  (49  hours). 

A  summary  of  the  results  is  given  in  Table  4.  The  general  make-up 
of  the  table  is  the  same  as  that  of  tables  2A  and  2B.  The  results  include 
the  hourly  rates  of  evolution  of  carbon  dioxid  per  100  grams  of  peaches 
and  the  ratios  of  anaerobic  production  to  aerobic.  The  ratios  as  they 
appeared  when  the  nitrogen  and  hydrogen  were  replaced  by  air  are  given 
also,  in  order  to  show  the  tendency  toward  a  return  to  the  normal. 

In  Table  4  is  shown  a  different  type  of  production  of  carbon  dioxid 
from  that  shown  in  tables  2A  and  2B.  Here  the  effect  of  the  absence  of 
oxygen  is  manifested  from  the  first  in  a  greatly  decreased  production  of 
carbon  dioxid.  The  average  ratio  nr  is  less  than  .5.  The  amount 
and  rate  of  production  of  carbon  dioxid  is  approximately  the  same  in 
both  nitrogen  and  hydrogen.  In  air  there  is  a  steady  decline  for  the 
first  six  periods,  after  which  the  hourly  production  remains  almost 
constant.  The  point  of  constant  production  is  reached  about  two  or 
three  periods  earUer  in  nitrogen  and  hydrogen.  This  constant  rate  is  less 
than  half  the  rate  during  the  first  period. 

After  being  kept  for  eight  periods  in  nitrogen  and  hydrogen  the  peaches 
on  being  transferred  to  normal  air  did  not  regain  the  normal  rate  of  pro- 
duction of  carbon  dioxid.  The  ratio  tt  was  increased,  however,  from 
approximately  .5  to  .7. 

These  experiments  show  that  the  respiratory  processes  are  very  dif- 
ferent in  green  fruits  from  those  in  ripe  fruits.  The  former  are  dependent 
on  an  immediate  supply  of  oxygen  to  the  extent  of  fifty  per  cent  of  their 
activity.  After  four  days  in  the  absence  of  oxygen  the  tissue  had  been 
so  inj\ired  that  it  was  unable  to  return  to  its  normal  rate  of  respiration. 
There  was  a  marked  tendency  to  return,  however,  and  this  suggests  that 
there  is  probably  a  point  at  which  the  return  would  be  complete.  It 
5niggests  further  that  growing  tissues  are  able  to  continue  their  fimctions 
in  the  absence  of  oxygen  for  a  time  without  injury. 

At  the  close  of  the  experiment  the  peaches  were  perfectly  ttirgid.  There 
were  no  visible  signs  of  the  growth  of  micro-organisms,  and  the  regular 
rates  of  production  of  carbon  dioxid  preclude  the  possibility  of  their 
action  to  an  appreciable  extent.  The  flavor  of  the  fruit  was  not  noticeably 
different.  At  the  time  when  the  peaches  were  picked,  an  examination 
of  the  seed  showed  that  there  was  a  considerable  quantity  of  endosperm 
surrounding  the  growing  cotyledons  and  the  testa  was  perfectly  white. 
At  the  close  of  the  experiment  the  testa  was  browned  and  the  endosperm 
had  disappeared.  These  effects  were  as  noticeable  in  the  peaches  kept 
in  air  as  in  those  kept  in  the  other  gases. 
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Respiration  of  rtpe  grapes 

Prom  October  26  to  October  30  an  experiment  was  made  with  ripe 
Concord  grapes.  The  experiment  was  the  same  in  arrangement  as  those 
ahready  described.  The  Concord  grapes  were  bought  at  a  grocery  store, 
therefore  their  history  is  not  known.  They  were  in  excellent  condition. 
Each  grape  was  careftilly  taken  from  the  btmch  by  cutting  its  stem  about 
three  millimeters  from  the  fruit.  Only  perfect  berries  were  used  and 
these  were  carefully  chosen  for  tmiformity.  Twenty  berries  were  used 
in  each  case.  They  were  immersed  in  95-per-cent  alcohol,  then  rinsed  in 
sterile  water  and  placed  in  the  sterilized  respiration  chambers.  The  grapes 
were  kept  at  30**  C. 

From  November  8  to  November  10  an  experiment  was  conducted  with 
Catawba  grapes.  It  was  identical  in  method  with  the  experiment  with 
Concord  grapes,  except  that  the  temperatixre  used  was  37^  C. 

The  weights  of  the  several  groups  of  twenty  Concord  grapes  used  and 
the  weights  of  the  groups  of  Catawba  grapes  are  given  in  Table  5.  In 
Table  6  are  given  the  data  obtained  from  the  Concerds  and  from  the 
Catawbas. 


TABLE  5.    Weight  of  the  Twenty  Grapes  in  Each  Respiration  Chamber 


Concord  grapes 

Catawba  grapes 

Groups 

Grams 

Groups 

Grams 

la 

52.5 
48.4 
50.4 

la 

47  I 
48.7 
47.5 

lb 

lb 

Ic 

Ic 

Ila         

48.8 
49  7 
49  3 

Ila 

50.5 
43-8 

lib 

lib 

lie 

lie 

Ilia 

44  8 
55-2 
51.3 

Ilia 

47.4 
42.8 

47.5 

Illb 

Illb 

IIIc 

Ille 

It  will  be  seen  in  Table  5  that  the  weights  of  the  several  groups  of 
twenty  grapes  varied  considerably  from  the  50-gram  average,  as  did  the 
weights  of  the  groups  of  cherries. 

From  Table  6  it  is  dear  that  ripe  grapes  respire  as  rapidly  in  both 
nitrogen  and  hydrogen  as  in  air.  This  was  true  of  both  Concords  and 
Catawbas,  in  the  experiment  here  described.  It  was  true  of  the  former 
at  30°  C.  and  the  latter  at  37°  C,  and  the  higher  temperature  gave  an 
increase  in  the  rate  of  evolution  of  carbon  dioxid  quite  in  accord  with  the 
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Van't  Hoff-Airhenius  law,  if  we  assume  that  the  two  varieties  wotdd 
respire  similarly  tinder  the  same  conditions.  It  will  be  further  noted  in 
Table  6  that  in  the  case  of  the  Concord  grapes  the  respiration  in  the  first 
period  is  nearly  double  that  of  some  of  the  succeeding  periods  and 
after  the  first  period  the  rate  is  almost  constant  throughout  the  succeeding 
periods.  The  increased  evolution  dtiring  the  first  period  is  possibly  due 
to  the  release  of  carbon  dioxid  on  the  transference  of  the  groups  from  a 
condition  of  rcxMn  temperature  to  that  of  the  experiment,  since  carbon 
dioxid  has  a  lesser  solubility  in  the  cell  sap  at  the  higher  temperature. 

When  the  rates  of  evolution  of  carbon  dioxid  in  grapes  are  compared 
with  those  in  cherries  it  will  be  noticed  that  the  cherries  respire  markedly 
faster  per  unit  weight  than  do  the  grapes.  This  suggests  that  the  rate  of 
evolution  of  carbon  dioxid  is  more  or  less  proportional  to  the  rate  of 
spoiling  of  ripe  fruit,  since  cherries  spoil  more  qtiickly  at  the  same 
temperature  than  do  grapes.  And  since  these  processes  seem  to  be  qtiite 
independent  of  oxygen,  they  are  probably  mostly  enzymatic,  and  hence 
the  rate  at  which  fruit  spoils  is  more  or  less  proportional  to  its  enzyme 
content.  This  suggests  that  if  the  factors  controlling  the  production  of 
enzymes  in  fruits  were  sufficiently  understood,  these  factors  might  be 
artificially  controlled  at  a  low  enough  cost  to  effect  a  great  saving  in  the 
handling  and  storing  of  fruit.  Such- control  would  also  materially  probng 
the  fruit  season. 

Respiration  of  germinating  wheat 

Prom  November  27  to  December  i  an  experiment  was  conducted  with 
wheat.  The  wheat  was  soaked  for  twenty-foxu:  hours.  It  was  then 
sterilized  by  immersion  in  95-per-cent  alcohol,  and  was  rinsed  in  sterilized 
distilled  water.  Pifty  grams  of  wheat  were  put  into  each  respiration 
chamber  and  the  methods  were  as  before.  A  summary  of  the  results  is 
given  in  Table  7.    The  temperature  during  this  experiment  was  25**  C. 

Prom  December  2  to  December  6  a  similar  experiment  was  made  with 
germinating  wheat.  The  methods  were  the  same  as  in  the  preceding 
experiment,  except  that  the  wheat  was  sterilized  in  a  solution  of  formalin, 
I  part  to  600  parts  of  water,  for  15  minutes,  instead  of  being  immersed 
in  alcohol.  The  results  are  given  in  Table  8  (a).  In  Table  8  (b)  are 
given  the  results  of  a  set  treated  exactly  as  those  in  8  (a)  except  that 
the  respiration  chambers  were  closed  tightly  with  pinchcocks  after  being 
set  up  and  were  allowed  to  stand  for  seven  days,  at  the  end  of  which  time 
the  CQi  was  drawn  off  and  measured. 

It  win  be  seen  in  tables  7  and  8  that  respiration  is  much  slower  in 
hydrogen  and  nitrogen  than  in  air.  The  rate  of  respiration  of  seeds 
sterilized  in  formalin  was  greater  than  the  rate  of  respiration  of  seeds 
sterilized  in  alcohol.    This  increased  rate  obtains  only  in  th&  continuous 
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TABLE  7.  Hourly  Avbragb  Production  of  Carbon  Dioxid  in  Milligrams 
PER  100  Grams  of  Whbai  in  a  Continuous  Current  of  Air,  of  Nitrogen,  and 
OP  Hydrogen  at  25""  C.    Seed  Sterilized  in  95-pbr-cent  Alcohol 


Period 

I 

2 

3 

4 

5 

6 

7 

Aver- 
age 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of  period. 

II. 5 

12.0 

10. 0 

II. 0 

14.0 

9.0 

14.0 

•81.5 

Groups  in  air 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

la 

16.2 
17.1 
17.7 

12.9 

18.4 

17.6 
14.4 
17.9 

13.3 

1:5 

12.3 

6.9 
16.2 

1:1 

13.2 

II. 4 

lb 

II. 4 

Ic 

156 

Average 

17.0 

15  I 

16.6 

14.4 

10.2 

9.0 

8.8 

^    12.8 

Groups  in  nitrogen 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Ha 

8.2 
9.8 

6.7 

U 

6.2 
6.1 
6.6 

3.9 
5.9 
5-3 

4.5 

3.1 
3.5 
3.4 

11 

lib 

lie 

6.2 

Average 

9.1 

7.5 

7.1 

6.3 

5.0 

42 

3.3 

6.0 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An 

.54 

.50 

.43 

.44 

.49 

.47 

.37 

.47 

N 

Groups  in  hydrogen 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.per 
hotir 

Mg.per 
hour 

Illa 

II. 0 

10.9 

8.9 

8.8 
9.4 
9.5 

6.8 
6.2 
6.6 

1:1 

6.1 

5.0 
4.2 
5.2 

5.2 

4.0 
4.1 
3.9 

t? 

Illb 

Illc 

6.4 

Average 

10.3 

9.2 

6.5 

6.0 

4.8 

5.2 

4.0 

6.5 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An 

.61 

.61 

.39 

.42 

.47 

.58 

.45 

.51 

N 

*  Total  houxv,  not  avenge. 

streams  of  air  and  of  nitrogen.  In  the  hydrogen  the  rate  of  respu^tion 
of  formalin-sterilized  seed  and  of  alcohol-sterilized  seed  was  approximately 
the  same.  This  is  suggestive  of  the  work  of  Nabokich  (1903) »  who  fotmd 
that  sterilization  of  seeds  by  chemicals  such  as  mercuric  chlorid  (HgClt) 
resulted  in  an  increased  rate  of  production  of  carbon  dioxid  which  may 
continue  for  two  or  three  days.  The  increased  pnxluction  of  carbon 
dioxid  in  air  and  in  nitrogen  shown  in  Table  8  over  that  shown  in  Table  7 

11903)  Naboldch,  A.  J.    Dber  den  Blnflunder  SteriliMtion  der  SamenaofdleAtiiitiiic.  B«r.  d.  dmt.  bot. 
GetelL  ai:  379-291. 
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was  not  due  to  contamination,  since  wheat  that  had  been  killed  by  boiling 
and  then  sterilized  the  same  as  the  others,  when  kept  in  a  continuous  current 
of  air  showed  no  noticeable  production  of  carbon  dioxid  during  the  interval 
of  these  experiments.  Contamination  at  once  manifests  itself  by  a  very 
marked  increase  in  the  rate  of  evolution  of  carbon  dioxid.  These  experi- 
ments indicate,  then,  either  that  alcohol  reduces  the  production  of  carbon 
dioxid  or  that  formalin  stimtdates  it.  If  the  alcohol  is  injuricxis  the  effect 
is  purely  local,  for  the  wheat  in  air  germinated  and  grew  rapidly.  Since 
the  seeds  were  rinsed  in  three  different  vessels  of  sterile  water,  the  alcohol 
or  formalin  contained  would  be  very  slight,  for  the  interval  of  sterilization 
in  alcohol  was  only  a  second  and  in  formalin  only  fifteen  minutes. 

TABLE  8.  Average  Hourly  Production  of  Carbon  Dioxid  in  Milligrams  per 
100  Grams  of  Wheat  in  Air,  Nitrogen,  and  Hydrogen  at  25**  C.  Seed  Steri- 
lized IN  Formalin 


A 

In  continuous  current  of  retpective  gacet 

B 

Left  in 

respective 

gases  for 

seven  days. 

No  current 

Period 

X 

2 

3 

4 

S 

6 

7 

Average 

Total 
carbon 
dioxid    i 
produced 
per  xoo 

wheat 
(in  milli- 
grams) 

Total 
carbon 
dtoxid 

produced 
per  xoo 

grams  of 
wheat 

(in  milli- 
grams) 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Duration  of 
period 

zi.oo 

10.00 

14.00 

IX. 50 

X4.7S 

7. SO 

14. 75 

•83.50 

Groups  in  air 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.per 
hour 

2,640.8 
2,703.4 
3.054.6 

la 

lb 

Ic 

23.0 
18.8 
ao.4 

26.8 
27.7 
34-2 

33.4 
43.0 
45.8 

41.9 
45.6 
49.5 

30.9 
30.1 
31.4 

28. X 
29.2 
31.4 

34.5 
29.0 
37.1 

31.6 
32.4 
36.6 

449.0 

Average. 

20.7 

29.6 

40.7 

45. 7 

30.8 

29-6 

33.5 

33.5 

396.x 

Groups  in 
nitrogen 

Mg.  per 
hour 

Mg.  iKJr.Mg.  per 
hour   1    hour 

Mg.  per 

hour 

Mg.per 
hour 

Mg.  per'Mg.  per 
hour    1    hour 

Mg.per 
hour 

la 

lb 

Ic 

17  I 
8.0 

7.7 

8.1 
7.S 
9.1 

9.1 
5.6 
9.1 

10.6 

11 

8.2 

6.7 
6.1 
7.7 

7.2 
54 
55 

95 

6.5 
7.4 

796.0 
543.8 
617.4 

363.8 
348.2 

Average. 

10.9 

8.2 

7.9 

8.5 

6.9 

6.8 

6.0 

7.8 

375. 5 

Ratio 

Ratio  1   Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

Ratio 

An 
N 

.53 

.28 

.19 

.19 

.22 

.23 

.18 

.23 

Groups  in 
hydrogen 

Mg.  per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

Mg.  per 
hour 

633.4 
525.0 

Ilia 

lllb 

Illc 

ii 

6.8 

6.0 

It 

6.4 
9.9 
7.1 

8.4 
8.9 
6.5 

4.5 
7.2 
4.4 

4.8 
7.2 
6.1 

3.7 
S3 
7.0 

6.3 

42s.  a 
452.8 
463.6 

Average. 

S.6 

6.8 

7.8 

7.9  1       5.4 

6.0 

5.3 

6.4 

447.2 

Ratio 

Ratio 

Ratio 

Ratio  1  Ratio 

Ratio 

Ratio 

Ratio 

An 
N 

.27 

.23 

.19 

.17  1       .X8 

.20 

.16 

.19 

1 

1 

•Total 

hours,  n( 

35 

3t  averag 

e. 
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The  decrease  in  respiration  in  a  continuous  current  of  hydrogen  and 
of  nitrogen  below  that  in  a  continuous  current  of  air  was  about  50  per  cent 
in  seeds  sterilized  in  alcohol  and  about  80  per  cent  in  seeds  sterilized  in 
formalin.  In  these  tissues  containing  actively  growing  protoplasm,  the 
absence  of  oxygen  results  in  a  marked  decrease  in  the  respiratory  rate. 
The  same  was  shown  also  with  green  peaches  (Table  4),  in  which  the 
decrease  was  about  50  per  cent.  On  the  other  hand,  the  series  with 
cherries,  blackberries,  and  grapes  indicate  that  in  tissue  which  is  matiu-e 
and  not  in  an  actively  growing  condition,  such  as  the  ptdp  of  ripe  fruits, 
the  oxygen  relation  is  very  different  from  that  in  actively  growing  tissues 
and  the  respiratory  rate  is  little  affected  by  it.  There  seems  to  be  in 
fruits  a  direct  relationship  between  protoplasmic  activity  and  the  effect 
of  oxygen  in  the  production  of  carbon  dioxid. 

Although  oxygen  does  not  appear  to  directly  affect  the  production  of 
carbon  dioxid  in  ripe  fruits,  it  does  greatly  affect  other  metabolic  activ- 
ities, as  is  shown  later  in  this  bulletin. 

The  rate  of  anaerobic  respiration  of  germinating  wheat  at  25**  C.  is 
about  the  same  as  that  of  grapes  and  green  peaches  at  30°  C,  but  it  is 
considerably  less  than  that  of  cherries  at  20**  C.  The  rate  of  normal 
respiration  is  slightly  slower  for  wheat  seed  sterilized  in  alcohol,  than  the 
rate  for  green  peaches,  but  it  is  considerably  faster  in  the  case  of  wheat 
seed  sterilized  in  formalin. 

In  the  light  of  the  literature  of  this  subject,  these  experiments  seem  to 
show  that  the  production  of  carbon  dioxid  in  anaerobic  respiration  is  due 
to  agents,  probably  enzjmies,  which  work  independently  of  oxygen,  and 
that  these  are  practically  the  only  carbon-dioxid-producing  agents  in 
ripe  fruits.  On  the  other  hand,  in  tissues  containing  actively  growing 
protoplasm  the  production  of  carbon  dioxid  seems  to  be  due  as  much 
to  processes  that  are  dependent  on  oxygen  as  to  those  independent  of 
that  gas.'  The  latter  processes  may  be  enzymatic,  but  it  is  probable 
that  the  direct  metabolism  of  the  living  protoplasm  itself  plays  a  con- 
siderable part  in  them. 

METABOLISM  AND  KEEPING  QUALITY  OP  FRUITS  IN  NITROGEN,   HYDROGEN, 
CARBON  DIOXID,  AND  AIR 

Red  Astrachan  apples  and  Wiggins,  Late  Crawford,  Crosby,  and  Elberta 
peaches  were  used  in  these  experiments.  Sound,  carefully  chosen  fruits 
were  placed  in  large  sterilized  glass  jars  of  four  liters  capacity.  Bottles 
containing  sulfuric  add  (H2SO4)  and  potassium  hydroxid  (KOH)  were 
placed  in  the  jars  in  order  to  prevent  the  accumtdation  of  moisture  and 
carbon  dioxid.  The  apples  were  dipped  in  95-per-cent  alcohol  and  then 
rinsed  in  sterile  water  before  being  placed  in  the  jars,  so  as  to  render  them 
as  nearly  sterile  as  possible.     No  attemot  was  made  to  sterilize  the  peaches. 
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The  jars  were  filled  with  the  respective  gases  and  all  except  those  containing 
air  were  sealed.  The  jars  containing  air  were  plugged  with  cotton  stoppers. 
The  fruits  were  left  in  these  jars  for  several  days  at  laboratory  temper- 
ature, which  ran  from  21**  to  23°  C.  Notes  were  taken  from  time  to  time 
as  to  the  general  appearance  of  the  fruit.  When  the  jars  were  opened, 
notes  were  made  of  the  color,  textiu^  of  skin  and  flesh,  flavor,  and  other 
characters. 

Behavior  of  Red  Astrachan  apples  in  air,  nitrogen,  and  hydrogen 

Seven  apples  were  placed  in  each  jar.  The  apples  in  each  jar  were  as 
nearly  like  those  in  the  other  jars  as  careftd  selection  could  make  them. 
In  each  jar  some  apples  were  fairly  ripe  and  these  graded  back  to  some 
that  were  rather  green.  The  experiment  lasted  from  August  5  to  August 
18,  1911. 

Jar  I  was  in  air;  jars  Ila  and  lib  were  in  nitrogen;  jars  Ilia  and  Illb 
were  in  hydrogen. 

After  four  or  five  days  the  apples  in  nitrogen  and  those  in  hydrogen 
began  to  have  a  bleached  appearance.  The  red  color  then  gradually 
disappeared.  Finally  the  apples  acquired  a  brownish  tinge.  The  apples 
in  air  remained  a  beautiful  red. 

When  the  jars  were  opened  the  apples  in  air  had  a  fine  apple  odor  and 
the  appearance  of  very  ripe  Astrachan  apples.  They  were  much  less  sour 
to  the  taste  than  when  placed  in  the  jar.  No  soft  rots  had  developed, 
but  two  apples  were  nearly  destroyed  by  what  appeared  to  be  brown  rot. 
The  other  apples  were  in  good  condition. 

The  apples  in  both  nitrogen  and  hydrogen  looked  as  if  they  had  been 
about  half  baked  in  an  oven  with  a  slow  fire.  They  had  entirely  lost 
their  red  color.  The  skin  in  places  was  elevated  in  small  blisters.  The 
flesh  was  light  brown  at  the  surface  and  white  inside,  but  when  exposed 
to  the  air  it  browned  very  rapidly  —  many  times  more  rapidly  than  did 
the  flesh  of  the  apples  that  had  been  kept  in  air.  The  apples  had  no  bad 
flavor.  The  taste  was  that  of  half-baked  apples,  according  to  five  persons  who 
tasted  them.  The  **  baking  **  was  greatest  near  the  surface  and  gradually 
lessened  toward  the  core.    The  natural  flavor  was  almost  entirely  gone. 

In  order  to  learn  whether  the  browning  and  the  apparent  baking  were 
due  to  some  organism,  sterile  agar  tubes  were  inoculated  with  pieces  of 
the  browned  flesh  taken  from  both  the  nitrogen  and  the  hydrogen  series. 
No  growth  developed  from  them  at  all,  showing  that  these  effects  were 
the  result  of  anaerobic  metabolism  of  the  fruits  themselves.  Some  agar 
tubes  were  inoculated  with  the  rotted  tissue  from  one  of  the  apples  in  the  air 
series  and  an  abundant  growth  of  a  mold  resulted. 

This  series  of  experiments  shows  that  apples  need  aeration  and  that  they 
cannot  be  satisfactorily  held  in  inert  gases  such  as  nitrogen  and  hydrogen. 
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Behavior  of  Wiggins  peaches  in  air,  nitrogen,  hydrogen,  and  carbon  dioxid 

The  peaches  were  large  and  market-ripe.  They  had  white  flesh  and 
some  were  beginning  to  show  a  light  red  bltish.  They  were  all  hard.  The 
surface  of  peaches  is  such  that  it  was  deemed  inadvisable  to  attempt  to 
sterilize  them.  They  were  chosen  for  tmiformity.  Ten  peaches  were 
placed  in  each  sterile  jar.  The  treatment  was  the  same  as  with  the  apples. 
The  experiment  was  begun  on  August  19,  191 1. 

Jars  la  and  lb  were  in  air  with  potassium  hydroxid  (KOH)  and  sulfuric 
acid  (H2SO4)  as  absorbents;  jars  Ila  and  lib  were  in  nitrogen  and  jars  Ilia 
and  Illb  in  hydrogen  with  the  same  absorbents;  and  jars  IVa  and  IVb 
were  in  carbon  dioxid  with  sulfuric  acid  (H2SO4)  as  the  only  absorbent. 

Seven  days  after  the  experiment  was  begim,  jars  la,  lb,  Ila,  Ilia,  and 
IVa  were  opened  and  examined.  There  were  only  three  peaches  in  jars 
la  and  lb  that  had  not  rotted.  The  three  good  peaches  were  of  a  beautiful 
cream  color.  The  flesh  was  juicy  and  soft  and  of  excellent  flavor.  The 
peaches  contained  no  more  red,  however,  than  at  the  beginning.  The 
rotted  peaches  were  covered  with  molds,  brown  rot  being  the  chief  one. 

No  molds  could  be  found  in  jar  Ila,  Ilia,  or  IVa,  and  the  peaches 
looked  about  as  they  did  when  placed  in  the  jars.  They  had  acquired 
a  bad  flavor,  however,  just  strong  enough  to  spoil  them  for  eating 
purposes.  When  they  came  in  contact  with  the  air  they  darkened 
somewhat  rapidly.  The  epidermis,  however,  retained  its  green  color  for 
some  time. 

Jars  lib,  Illb,  and  IVb  were  kept  in  their  respective  gases  for  three 
weeks  longer.  At  the  end  of  that  time  the  peaches  in  nitrogen  and  those 
in  hydrogen  were  mostly  brown  and  soft.  The  peach  aroma  and  flavor 
were  entirely  gone.  There  were  some  hard  green  spots  on  some  of  the 
peaches  and  these  had  a  decidedly  bad  flavor.  The  soft  brown  parts  had 
a  snappy  alcohol  flavor  and  persons  who  were  unacquainted  with  the 
treatment  that  they  had  received  pronoimced  them  brandied  peaches. 
This  flavor  was  not  particularly  unpleasant. 

The  peaches  in  carbon  dioxid  were  mostly  green  and  as  hard  as  when 
placed  in  the  jar  four  weeks  earlier.  The  flavor  was  very  bad.  It  was 
not  the  snappy  alcohol  flavor  of  the  peaches  kept  in  nitrogen,  but  was 
bitter  and  nauseating.  The  hard  green  spots  that  were  noted  on  the 
peaches  in  nitrogen  and  in  hydrogen  also  had  this  flavor,  but  it  was  not 
so  strong  in  them.  When  the  peaches  from  the  jar  of  carbon  dioxid  were 
placed  in  air  they  turned  brown  very  rapidly,  but  they  did  not  scrften 
markedly. 

It  seems  to  be  evident  that  carbon  dioxid  considerably  decreases  the 
hydrolysis  of  pectose,  since  peaches  in  that  gas  did  not  soften.  In  this 
case,  as  with  the  apples,  the  need  for  good  aeration  is  apparent,  since  the 


Digitized 


by  Google 


Respiration  op  Fruits  and  Growing  Plant  Tissues  405 

flavor  was  spoiled  in  the  gases  containing  no  oxygen  and  since  in  a  closed 
space  without  ventilation  the  carbon  dioxid  resulting  from  the  respiration 
of  the  fruit  accumulates  so  rapidly  as  to  displace  the  air  in  a  short  time. 

Behavior  of  green,  market-ripe,  and  ripe  peaches  in  air,  nitrogen,  hydrogen, 

and  carbon  dioxid 

In  order  to  determine  the  effect  of  the  degree  of  ripeness  on  the  rate  of 
softening  of  peaches,  some  very  ripe  Elbertas,  some  market-ripe  Crosbys 
and  Late  Crawfords,  and  some  hard  green  Crosbys  were  treated  in  the 
same  way  as  were  the  Wiggins  peaches  and  were  allowed  to  remain  in  the 
gases  for  two  weeks.  The  experiment  was  begim  on  September  20.  The 
peaches  in  air  retained  their  qualities  and  ripened  well,  but  the  ripe  Elbertas 
and  some  of  the  others  deteriorated  from  brown  rot  after  a  few  days. 

At  the  end  of  the  two  weeks  the  ripe  Elbertas,  which  were  soft  at  the 
beginning,  had  a  very  bad  flavor  in  carbon  dioxid  and  almost  as  bad  a  flavor 
in  nitrogen  and  in  hydrogen.  They  had  darkened  noticeably.  As  soon 
as  they  were  taken  out  into  the  air  they  darkened  rapidly  under  the  skins 
and  had  the  appearance  of  peaches  that  had  been  badly  injured  in  shipment 
in  refrigerator  cars. 

The  market-ripe  Crosbys  and  Late  Crawfords  softened  somewhat,  but 
not  so  much  as  in  air.  Their  flavor  was  very  bad  and  they  showed 
browning,  which  increased  very  rapidly  when  they  were  placed  in  air. 
The  hard  Crosby  peaches  remained  hard  in  all  three  of  the  oxygen-fre3 
gases. 

DISCUSSION 

Since  fruits  produce  carbon  dioxid  very  rapidly,  as  has  been  shown, 
and  since  they  brown  and  lose  their  flavor  when  they  are  not  supplied 
with  oxygen,  the  need  for  thorough  ventilation  becomes  apparent.  The 
peaches  that  were  described  at  the  beginning  of  this  bulletin  as  having 
been  injtuied  by  **  ice-scald  "  had  each  been  wrapped  separately  in  paper. 
With  respiration  as  rapid  as  it  has  been  shown  to  be,  it  is  a  matter  of  only 
a  few  hours  until  all  the  air  within  the  paper  wrapper  would  be  displaced 
by  the  carbon  dioxid  given  off  by  the  peach.  From  the  experiments  de- 
scribed, it  is  quite  probable  that  **  ice-scald  "  is  injiuy  due  to  poor  aeration 
and  to  an  accumulation  of  carbon  dioxid. 

Certain  packing  companies  provided  with  refrigerator  cars  have 
appreciated  this  need  of  plant  tissues  for  fresh  air  and  have  conducted 
some  experiments  in  the  ventilation  of  their  cars  in  transit.  They  have 
obtained  some  very  satisfactory  results  with  several  kinds  of  fruits  and 
vegetables.  The  results  have  been  so  satisfactory  that  one  large  packing 
company  is  putting  a  special  ventilator,  which  can  be  opened  or  closed  as 
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the  shipper  prefers,  over  the  doors  of  its  refrigerator  cars.  When  the 
car  is  moving,  air  will  be  drawn  out  through  these  ventilators  and  will 
be  replaced  by  fresh  air  that  has  been  cooled  in  its  passage  through  the 
ice  bunkers  at  each  end  of  the  car. 

The  question  of  wrappers  for  fruits  is  worthy  of  an  extended  investiga- 
tion from  the  standpointof  ventilation.  The  good  points  infavorof  a  sepa- 
rate wrapper  for  peaches,  apples,  and  other  fruits  are  nimierous.  But 
such  wrappers  allow  only  a  very  small  air  space  around  each  fruit.  Some 
type  of  perforated  or  porous  wrappers  has  been  suggested  as  a  possible 
means  of  combining  the  desirable  qualities  of  the  wrappers  with  better 
ventilation  of  the  fruit. 

It  seems  that  to  some  extent  peaches  caji  be  prevented  from  softening 
by  inert  gases,  and  especially  by  carbon  dioxid;  this  is  of  no  economic 
value,  however,  until  some  method  can  be  found  by  which  the  softening 
will  be  prevented  and  in  the  use  of  which  the  flavor  will  be  retained. 

Preliminary  experiments  for  an  extended  study  of  the  relations  between 
carbon  dioxid  and  oxygen  in  fruits,  vegetables,  and  other  plant  tissues 
have  been  made  by  the  writer,  and  he  is  hoping  to  continue  this  work, 
particularly  in  its  relation  to  various  temperatures,  during  the  coming 
season. 

SUMMARY 

1.  The  respiration  of  ripe  fruits,  as  well  as  that  of  green  fruits,  is  rapid. 

2.  The  anaerobic  production  of  carbon  dioxid  by  ripe  cherries,  black- 
berries, and  grapes  is  as  rapid  as  the  aerobic  production  for  a  considerable 
length  of  time. 

3.  Ripe  fruits  that  spoil  quickly,  such  as  cherries,  have  a  higher  respira- 
tory rate  than  those  that  do  not  spoil  so  quickly,  such  as  grapes.  This 
is  due  possibly  to  a  higher  enzyme  content. 

4.  Fruit  tissues  that  respire  as  actively  anaerobically  as  aerobically 
seem  to  be  those  that  have  finished  their  growth  and  are  ripe. 

5.  Growing  tissues,  such  as  green  peaches  and  germinating  wheat, 
respire  more  than  twice  as  rapidly  aerobically  as  anaerobically.  The 
activity  of  the  protoplasm  would  seem  to  be  connected  with  this  more 
direct  use  of  oxygen  in  the  production  of  carbon  dioxid. 

6.  If  growing  tissues,  such  as  green  peaches,  are  placed  in  an  oxygen-free 
gas  for  a  few  days  and  then  brought  back  into  air,  the  rate  of  production 
of  carbon  dioxid  does  not  entirely  return  to  the  normal.  This  would 
indicate  a  permanent  injury  to  the  protoplasm  or  to  some  of  the  enzymes, 
due  to  insufficient  oxygen. 

7.  Ripe  apples  lose  their  color,  texttu'e,  and  flavor,  and  take  on  the 
qualities  of  half-baked  apples,  by  being  kept  for  a  sufficient  length  of  time 
in  oxygen-free  gases.    This  emphasizes  the  need  of  good  aeration  for  apples. 
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8.  The  softening  of  peaches  seems  to  be  decreased  greatly  by  carbon 
dioxid  and  to  a  considerable  extent  by  hydrogen  and  nitrogen. 

9.  Peaches  become  brownish  and  acqiiire  a  very  bad  flavor  when  oxygen 
is  withheld  from  them. 

10.  "  Ice-scald  "  seems  to  be  injury  due  to  insufficient  oxygen  and  to 
an  accimiulation  of  carbon  dioxid  within  the  paper  wrappers  in  which 
peaches  are  so  often  shipped.  With  good  ventilation  in  conjunction  with 
good  refrigeration,  such  injury  may  be  greatly  reduced.  This  applies 
to  fruits  in  storage  as  well  as  to  those  in  transit. 

11.  Good  ventilation  in  conjunction  with  refrigeration  is  of  prime 
importance  for  the  successful  storage  of  fruit. 
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THE  ASPARAGUS  MINER 

{Agromyza  simplex  Loew) 

Order,  Diptera  Family,  Agromyztda? 

D.  E.  Fink 

The  asparagus  miner,  although  capable  of  doing  considerable  damage, 
has  as  yet  attracted  but  Uttle  attention  among  growers  of  asparagus. 
The  insect  has  been  known  to  injure  seedlings  and  newly  set  asparagus 
beds  to  such  an  extent  as  to  lead  growers  to  consider  the  advisability  of 
plowing  imder  an  entire  bed.  Yet,  even  in  localities  where  the  miner 
occurs  abundantly  as  a  pest,  few  growers  are  at  all  familiar  with  the 
nature  of  its  work.  As  a  matter  of  fact,  the  injiuy  caused  by  the  miner 
has  been  attributed  to  a  variety  of  causes  and  has  been  laid  at  the  door 
of  insects  entirely  innocent  of  this  peculiar  form  of  injury.  Centipedes 
and  wireworms,  particularly  the  latter,  have  come  in  for  their  share  of 
blame  for  injury  to  asparagus  stalks.  Some  persons  have  attributed 
the  early  yellowing  of  the  stalks  and  the  wilting  appearance  of  the  plants 
to  drought,  little  suspecting  that  the  real  cause  was  the  asparagus  miner. 

As  the  life  history  of  this  pest  has  been  but  imperfectly  worked  out 
heretofore,  the  writer  imdertook  to  study  the  insect  with  the  view  of 
obtaining  a  more  accurate  knowledge  of  its  habits  and  life  history  and 
at  the  same  time  of  determining  how  it  can  best  be  controlled. 

In  taking  up  the  study  during  the  winter,  various  devices  for  breeding 
the  insects  were  at  first  tried.  It  was  necessary  to  have  a  breeding-cage 
that  would  allow  close  observation.  The  cage  used  consisted  of  an  ordinary 
eight-  or  ten-inch  flowerpot  filled  with  soil,  in  which  a  clump  of  asparagus 
roots  was  set.  A  glass  cylinder  with  a  cheesecloth  top  stood  on  the  flower- 
pot, thus  allowing  close  observation  to  be  made  without  disturbing  the 
insects  in  the  least. 

The  photographs  shown  in  this  bulletin  were  nearly  all  enlarged  from 
negatives  first  obtained  by  the  use  of  an  ordinary  upright  camera.  The 
negatives  showing  the  egg,  larva,  pupa,  and  adult  were  placed  in  a  hori- 
zontal camera  used  for  making  lantern  slides.  The  bellows  of  this  camera 
are  arranged  so  that  a  subject  can  be  either  reduced  or  enlarged.  A 
positive  was  first  obtained,  enlarged  from  the  original  negative;  the 
positive  was  then  used  as  the  subject,  from  which  an  enlarged  negative 
was  made.  [If  a  sharp  negative  is  obtained  in  the  first  place,  by  this 
process  one  can  enlarge  the  subject  to  any  desired  size.] 

Note. — The  writer  is  indebted  to  Prc^essor  Glenn  W.  Herrick  for  f rcguent  advice  and  for  many  valuable 
suggeationB  in  the  preparation  of  this  bulletin;  and  to  the  Department  of  Entomology  at  Cornell  University 
for  the  i*se  of  the  msectary  for  breeding  purposes  and  for  the  use  of  the  cameras,  without  which  the  work 
could  scarcely  have  been  done. 
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history  and  distribution 

The  asparagus  miner  is  a  native  American  species  and  was  first  discovc^:^ 
by  Loew*  occurring  in  some  of  the  Middle  States  —  Pennsylvania,  New 
Jersey,  and  New  York.  As  the  adult  of  the  asparagus  miner  is  a  fly,  it 
is  likely  to  be  confused  with  the  asparagus  fly  of  Europe,  Platyparea 
pocciloptera  Schrank.  The  asparagus  fly,  however,  is  a  borer,  not  a 
miner.  It  bores  within  the  stalks  of  the  asparagus,  making  galleries, 
much  as  does  any  common  borer.  The  asparagus  miner,  on  the  other 
hand,  mines  and  eats  out  the  parenchyma  and  chlorophyll  between  the 
outer  epidermis  and  the  bast  wood  of  the  stalk,  never  enters  the  heart 
wood,  and  differs  greatly  in  general  appearance  from  the  asparagus  fly. 

Professor  fc.  Sajof  mentions  the  presence  of  a  fly  on  asparagus,  identified 
by  him  as  Agromyza  maura  Meig.  He  states  that  the  body  of  the  insect 
is  two  to"  two  and  one  half  millimeters  long,  and  that  the  larva  mines 
beneath  the  epidermis,  gnawing  out  the  chlorophyll  and  thus  weakening 
the  circulation  in  the  plant.  The  pupa,  he  says,  is  easily  found  by  pulling 
the  stalks  in  winter.  It  is  three  to  four  millimeters  long,  dark  brown, 
and  resembles  the  **  flaxseed  "  stage  of  the  Hessian  fly.  These  flies,  he 
states,  are  widely  distributed  in  central  Hungary.  It  would  appear  from 
Professor  Sajo's  description  of  the  habits  of  Agromyza  maura,  either  that 
its  work  resembles  closely  that  of  Agromyza  simplex  and  the  insect  is 
another  species  of  the  family  Agromyzidae  working  on  asparagus  in  Europe, 
or  that  it  is  the  same  species  which  is  working  in  this  cotmtry,  namely, 
Agromyza  simplex  Loew. 

Flies  that  issued  from  pupae  on  asparagus  stalks  kept  in  cages  were 
sent  to  A.  L.  Melanders  of  Pullman,  Washington,  for  verification.  Doctor 
Melanders  was  fairly  certain  that  the  flies  were  Loew's  species,  and  gives 
the  following  characters  distinguishing  the  two  species:  '* Agromyza 
simplex  has  six  frontal  bristles,  the  orbital  pubescence  inconspicuous, 
usually  four  nearly  uniform  stemopleurals  in  the  upper  row,  the  tip  of 
the  clypeus  is  usually  visible  in  profile  view,  the  segments  of  the  fifth  vein 
equal,  and  the  cross  veins  very  close.  A,  maura  has  four  frontals,  denser 
orbital  hairs,  usually  three  tmequal  stemopletuals,  face  not  projecting, 
segments  of  fifth  vein  3/2,  and  cross  veins  more  separated." 

In  this  country  the  adults  of  the  asparagus  miner  have  been  known 
to  collectors  for  many  years,  in  fact  long  before  it  was  known  on  what 
food  plant  the  insect  thrives.  The  miner  was  first  collected  on  asparagus 
plants  by  F.  H.  Chittenden  of  the  Bureau  of  Entomology,  United  States 
Department  of  Agriculture,  in  1897.  Mr.  Chittenden  suggested  that 
the  insect  perhaps  fed  on  asparagus.  J    In  1896  F.  A.  Sirrine,  of  the  New 

*  Berliner  Bntomolosiache  Zeitschrift.  vol.  13.  p.  46.     1869. 

t  Prometheus,  vol.  13,  no.  650.  pp.  403-404.     1002. 

t  BuL  10.  n.  «..  Div.  Ent.  U.  S.  Dept.  A«r,.  pp.  54-62.     1898. 
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York  (Geneva)  Agricultural  Experiment  Station,  found  the  puparia  of 
flies  buried  beneath  the  epidermis  of  asparagus  stalks.  Sirrine  subse- 
quently obtained  adults  from  these  puparia  and  later  worked  out  the 
life  history  of  the  insect,  naming  it  the  "  asparagus  miner."*  In  191 1 
F.  H.  Chittenden  issued  a  circularf  wherein  he  traced  the  distribution 
of  this  pest  in  the  United  States.  According  to  Chittenden  the  asparagus 
miner  was  first  observed  by  him  at  Cabin  John,  Maryland,  in  1897.  Later, 
complaints  of  injiuies  were  received  from  the  District  of  Coltmibia  and 
from  Knoxville,  Tennessee.  Although  the  miner  was  observed  by  Sirrine 
in  1896,  the  notice  to  that  effect  did  not  appear  imtil  the  publication 
of  his  bulletin  in  1900.  Reports  were  received  in  190 1  from  the  vicinity 
of  Philadelphia,  where  the  insect  proved  to  be  more  destructive  to  aspara- 
gus than  were  the  common  asparagus  beetles;  here  several  beds  of  asparagus 
were  destroyed  by  the  miner.  In  the  neighborhood  of  Concord,  Massa- 
chusetts, where  himdreds  of  acres  are  devoted  to  this  crop,  infestation 
was  practically  absolute,  the  insects  being  as  abundant  as  the  common 
asparagus  beetle.  In  1907  W.  E.  Britton  reported  the  miner  from  Con- 
necticut, where  asparagus  growing  in  the  station  grounds  was  foimd  to 
be  infested  with  the  miner.  Mr.  Shamel  later  reported  that  he  found 
infestation  in  every  field  visited  in  Massachusetts  and  Connecticut.  In 
190S  R.  E.  Smitht  made  the  following  statement  regarding  the  miner: 
**  This  is  another  eastern  asparagus  insect  which  is  becoming  abundant 
in  California  and  common  throughout  the  State."  In  Bulletin  172  of 
the  California  station  Mr.  Smith  says  that  **  one  noticeable  feature  of 
this  year's  growth  has  been  the  premature  yellowing  and  dying  of  many 
stalks  without  regard  to  rust."  In  1908  I.  J.  Condit  reported  the  miner 
in  the  vicinity  of  Antioch,  California,  where  this  insect  and  the  common 
asparagus  beetle  were  equally  abundant.  Chittenden  also  observed  the 
species  well  established  on  asparagus  in  the  vicinity  of  Portsmouth, 
Virginia.  In  1908  severe  injury  was  again  reported  from  Concord,  Massa- 
chusetts. In  '1911  the  writer  found  the  miner  somewhat  common  on  the 
agricultural  college  farm  at  Cornell  University  and  in  other  localities 
in  the  vicinity  of  Ithaca,  New  York. 

The  asparagus  miner  is  now  known  to  be  widely  distributed  in  the 
eastern  part  of  the  United  States,  in  fact  wherever  asparagus  is  grown 
to  any  considerable  extent.  The  insect  has  been  reported  as  having 
caused  injury  to  asparagus  in  New  York,  New  Jersey,  Pennsylvania, 
Maryland,  Connecticut,  Massachusetts,  Long  Island,  District  of  Columbia, 
Tennessee,  Virginia,  and  throughout  California. 


•  Bui.  189.  New  York  (Geneva)  Agr.  Exp.  Sta.,  pp.  277- 
tCir.  135.  n.  s..  Bur.  Ent..  U.  S.  Dept.  Agr.,  pp.  i-s.     191 1. 


7-282. 

.^^ _ _.  _.  __^..  .^r..  00.  i-<. 

I  BuL  165.  California  Agr.  Exp.  Sta..  p.  96. 


Digitized 


by  Google 


414  Bulletin  331 

indication  of  presence  of  asparagus  miner 

To  the  uninitiated  and  casual  observer,  the  presence  of  the  miner  on 
asparagus  is  a  matter  of  conjecture.  While  the  injurious  effect  of  beetles 
on  asparagus  is  evident  at  once — their  presence  being  betrayed  by  the 
bare  branches  and  by  the  larvae  and  adults  on  the  stalks  and  branches — 
the  miner,  on  the  other  hand,  is  a  very  inconspicuous  insect.  The  only 
time  when  the  observer  is  at  all  aware  of  its  presence  is  .when  the  adult 
flies  are  congregated  on  the  stalks  and  branches.  Since  no  injury  is 
apparent  as  a  result  of  the  presence  of  these  flies,  however,  they  may 
easily  be  mistaken  for  visitors  rather  than  recognized  as  pests.  If  a  stalk 
that  looks  yellow  at  the  base  is  pulled  out,  it  will  be  found  that  the  skin 
peels  off  very  easily  or  is  cracked;  and  if  the  observer  traces  some  of  the 
mines  he  will  find  in  most  cases  a  white  maggot  beneath  the  epidermis  of 
the  stalk. 

This  yellowing  of  the  stalk  at  the  base,  or  shriveled  appearance  and 
premature  yellowing  of  the  entire  plant,  is  a  sure  indication  that  the 
asparagus  miner  is  present.  In  cutting  beds  this  is  not  evident  tmtil  late 
summer,  but  seedling  beds  are  injured  early  in  the  summer.  When  badly 
infested  a  bed  asstmies  throughout  the  appearance  of  suffering  from 
severe  drought.  The  plants  appear  yellowish  and  sick,  the  stalks  begin 
to  shrivel  and  die.  This  condition  prevents  the  roots  from  becoming  as 
fully  developed  as  they  should  be,  and  as  a  result  the  entire  bed  is  ruined. 

NATURE  AND  EXTENT  OP  INJURY 

The  injury,  to  asparagus  stalks  is  done  by  the  maggot,  the  little  worm 
that  mines  at  the  base  of  the  plants  just  beneath  the  epidermis. 
The  mines  begin  at  or  near  the  surface  of  the  soil  and  extend  upward 
for  a  foot  or  more,  assuming  a  zigzag  appearance  as  the  larvae  wind  their 
way  upward.  When  several  larvae  ar^  working  on  one  stalk,  as  is  usually 
the  case,  the  mines  soon  b^;in  to  merge  and  the  entire  base  of  the  stalk 
becomes  girdled.  Indeed,  on  examination  of  over  eighty  stalks,  the  writer 
foimd  at  least  three  puparia  on  every  stalk  and  as  many  as  twelve  on 
some  stalks.  Chittenden  reported  finding  **  the  puparia  in  great  numbers 
underneath  the  outer  skin  of  the  root,  and  as  many  as  nine  were  counted 
in  a  space  only  an  inch  long  on  one  stalk."  The  tissues  between  the  outer 
epidermis  and  the  bast  wood  are  eaten  out  by  the  maggot  and  as  a  result 
the  outer  skin  becomes  dry  and  yellowish  and  shrivels  up,  eventually 
causing  the  stalks  to  wilt  and  die.  W.  E.  Britton  states  that  "  nearly 
every  stem  examined  showed  the  tunnels,  and  on  the  station  grounds 
the  plants  which  first  turned  yellow  and  died  were  those  most  seriously 
attacked  by  the  miner."    R.  E.  Smith  states  that  in  some  instances  the 
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asparagus  miner  was  very  abundant  in  the  stems  of  the  yellow  stalks. 
The  mines  extend  for  a  considerable  distance  below  the  surface  of  the  soil. 
Stalks  cut  as  close  as  possible  to  the  crown  have  failed  to  show  mines 
extending  quite  to  the  crown;  nevertheless,  Chittenden  found  plants  that 
showed  injury  seven  inches  below  the  surface  of  the  soil,  and  on  some 
plants  the  puparia  were  found  in  great  niunbers  imdemeath  the  outer 
skin  of  the  roots.  This  instance  of  an  attack  on  the  roots  tmdoubtedly 
places  the  miner  as  a  pest  to  be  contended  with. 

As  soon  as  the  adults  appear  in  spring  they  begin  to  lay  eggs  on  volunteer 
plants  or  seedling  beds.  The  adults  make  no  attempt  to  oviposit  on 
cutting  beds,  and  it  is  because  of  their  instinct  in  not  ovipositing  on  cutting 
beds  that  the  early  attack  on  seedling  plants  and  on  plants  that  are  newly 
set  out  becomes  very  severe.  * 

DESCRIPTION  OF  STAGES 

The  adult 
The  adult  is  a  metallic  black  fly  of  glistening  appearance,  not  more  than 
three  or  four  millimeters,  or  about  one  sixth  of  an  inch,  in  length,  with 
a  wing  expanse  of  five  or  six  millimeters,  or  about  one  fifth  of  an  inch. 
The  males  are  somewhat  smaller  than  the  females,  with  a  more  or  less 
triangularly  shaped  abdomen.  One  of  the  striking  features  in  the  adult 
is  a  picture  of  a  face  on  the  thorax  (Fig.  127).  The  following  is  a  technical 
description  of  the  adult  by  Loew:*  "  Head  unicolor,  feet  and  halteres 
unicolor,  discal  cells  short,  length  of  body  one  and  one  twelfth  Unes,  wing 
one  and  one  sixth  lines.  Shining  black  head  entirely  concolor,  front  is 
holosericeous  (covered  with  minute  shiny  silk  hairs),  ocellar  triangle 
shining.  Lateral  margins  subshining,  abdomen  rather  broad,  very  shiny. 
Feet  and  halteres  wholly  black,  costal  veins  from  apex  of  first  vein 
thickened,  discal  cells  short,  so  that  the  two  ultimate  segments  of  fifth 
vein  are  equal,  transverse  veins  approximated,  posterior  ones  oblique.*' 

The  egg 
When  first  laid,  the  egg  is  glistening  white  in  color  and  measures  five 
tenths  of  a  millimeter  in  length  and  a  little  over  one  tenth  (.12)  of  a  milli- 
meter in  width.  The  egg  is  elongate  oval,  slightly  wider  at  one  end  and 
more  or  less  pointed  at  the  other.  There  are  no  markings  nor  sculpture 
on  the  outside  of  the  egg  and  the  eggshell  is  at  first  viscid  and  transparent, 
so  that  the  embryo  is  clearly  visible  through  the  shell. 

The  larva 
Pure  white  when  first  hatched,  the  maggot  becomes  cream-white  when 
fully  grown,  measuring  four  to  five  millimeters  in  length.     It  is  long, 
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round,  about  five  times  longer  than  wide,  of  nearly  uniform  diameter 
but  narrowing  slightly  toward  either  end.  The  head  bears  a  black  rasping 
jaw  with  one  large  tooth  and  two  to  three  small  teeth.  The  movement 
of  this  jaw  is  effected  by  muscles  attached  to  a  musctilar  framework. 
Between  the  head  and  the  first  thoracic  segment  on  the  dorsal  surface 
arises  a  pair  of  spiracles,  borne  on  two  stalks.  From  the  anal  segment 
two  stalks  are  prolonged  caudad,  and  bear  two  anal  spiracles.  Both 
pairs  of  spiracles  are  black,  and  with  the  black  jaw  they  form  the  only 
contrast  to  the  otherwise  white  body. 

The  puparium 
When  first  formed  the  puparium  is  light  brown;  later  it  becomes  dark 
brown.  It  is  flat  and  has  been  compared  to  the  ** flaxseed"  stage  of  the 
Hessian  fly.  It  is  about  four  or  five  millimeters  long.  A  pair  of  hooks* 
is  borne  at  each  end  of  the  puparium,  by  means  of  which  it  attaches 
itself  firmly  beneath  the  epidermis  of  the  asparagus  stalk  (Fig.  132). 

LIFE  HISTORY  AND  HABITS 

In  the  observations  made  in  19 12  in  the  vicinity  of  Ithaca,  New  York, 
the  adults  began  to  issue  forth  on  May  26  and  afterwards.  As  the  season 
that  year  was  rather  late  and  cold,  it  is  possible  that  the  adults  normally 
issue  about  the  middle  of  May.  The  males  appear  first,  several  days  before 
the  females.  Copulation  usually  begins  within  two  or  three  days  after 
the  females  appear;  in  breeding  cages  kept  outdoors  in  these  experiments, 
copulation  began  on  the  second  day  after  the  emergence  of  the  females. 
Within  twenty-four  to  thirty-six  hoiu^,  or  one  to  two  days,  after  copula- 
tion, oviposition  by  the  females  begins. 

Where  oviposition  takes  place 
Before  beginning  to  oviposit  the  female  is  usually  seen  running  up  and 
down  an  asparagus  stalk,  searching  with  her  proboscis  for  a  suitable  place 
in  which  to  lay  her  eggs.  After  this  preliminary  test  of  the  entire  stalk 
the  female  usually  begins  to  oviposit  at  the  base  of  the  stalk  at  or  near 
the  surface  of  the  soil;  sometimes,  according  to  the  writer's  observations, 
if  the  soil  around  the  base  of  the  stalk  is  loose  the  female  even  ventures 
below  the  siuface  as  far  as  possible.  She  then  takes  up  a  position  with  her 
body  parallel  to  the  long  axis  of  the  stalk,  and,  bending  her  abdomen  at 
almost  a  right  angle  to  the  stalk,  begins  to  work  her  ovipositor  into  the 
epidermis.  The  ovipositor  eventually  pierces  the  epidermis  and  the  egg 
is  inserted  just  beneath  it.  The  process  of  probing  the  stalk  is  repeated 
after  each  egg  is  deposited.    The  writer  has  observed  a  female  performing 
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Fig.  127. —  Asparagus  miner;  fly ^  enlarged  and  natural  size 


Fig.  128. —  Asparagus  miner;  fly,  side  view,  much  enlarged 
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Fig.  129. —  Egg  of  asparagus  miner 


Fig.  130. —  Larva  of  miner ^ 
enlarged 


Fig.  132. —  Puparium 
of  asparagus  miner 


Fig.  131. —  Larva  of  miner,  much  enlarged 
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Fig.  134. —  The  mine  of  a 
larva  in  stalk  of  asparagus 


Fig.  133. —  Puparia  in  crevices  in  asparagus  stalks 
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Fig.  135. —  Life  cycle  of  the  asparagus  miner 
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the  above  evolutions  for  over  an  hour,  during  which  time  at  least  nine 
eggs  were  inserted. 

On  the  outside  of  the  stalks  there  are  no  indications  that  eggs  have 
been  deposited.  It  is  probably  for  this  reason  that  the  eggs  of  the  miner 
have  never  before  been  observed.  Unless  one  actually  sees  the  female 
ovipositing,  the  finding  of  the  eggs,  as  the  writer  had  occasion  to  learn, 
becomes  a  difficult  task.  If  a  stalk  on  which  oviposition  has  been  observed 
is  pulled  out  and  examined  carefully  with  a  hand  lens,  all  that  can  be 
seen  are  tiny  pimctures  leading  to  raised  areas.  If  the  epidermis  is 
carefully  peeled  from  these  raised  areas,  the  egg  will  usually  be  found 
adhering  either  to  the  peeled  epidermis  or  to  the  tissues  of  the  stalk 
under  the  epidermis.  Sometimes,  however,  when  the  stalk  is  old  and 
the  female  is  tmable  to  work  her  ovipositor  under  the  epidermis,  part 
of  the  egg  may  remain  protruding  from  the  epidermis.  In  these  experi- 
ments eggs  thus  inserted  were  never  observed  to  hatch. 

Incubation  of  egg 

Beginning  with  the  egg  the  entire  life  cycle  of  the  aspar^us  miner, 
with  the  exception  of  the  adult  stage,  is  passed  in  concealment  beneath 
the  epidermis  of  the  asparagus  stalks.  The  eggs  incubate  for  twelve  to 
eighteen  days,  approximately,  and  the  first  indication  of  hatching  is  the 
beginning  of  a  n^ne. 

Habits  of  the  lanxB 

The  larvas  begin  to  mine  their  way  up  the  stalk  as  soon  as  they  emerge 
from  the  eggshell.  They  may  mine  for  a  foot  or  more  above  the  siuface 
of  the  soil  and  then  mine  downward  again,  thus  producing  zigzag  mines. 
When  several  larva;  are  working  on  a  stalk,  as  is  usually  the  case,  the 
stalk  eventually  becomes  completely  girdled.  When  nearly  full-grown 
the  larvae  direct  their  mines  downward,  and  later  continue  to  mine  below 
the  surface  of  the  soil,  so  that  when  they  finally  become  full-grown  they 
can  pupate  below  the  siuface  of  the  soil  where  they  are  kept  moist.  During 
the  simimer,  however,  the  larvae  may  pupate  anjnvhere  along  the  stalks, 
above  or  below  the  surface  of  the  soil.  The  depth  varies  at  which  they 
pupate  below  the  surface  of  the  soil.  Observations  made  to  determine  this 
point  indicate  a  variation  from  half  an  inch  to  six  or  seven  inches  below 
the  soil  surface.  This  is  rather  important,  since  the  methods  of  control 
of  the  pest,  thus  far,  seem  to  depend  on  the  effectiveness  with  which  the 
puparia  are  destroyed. 

The  puparium 

Within  the  last  larval  skin  the  larva  transforms  into  a  brown,  somewhat 
flat,  segmented-appearing  puparium,  in  which  condition  the  resting  stage 
is  spent.     The  puparia  are  found  in  the  mines  where  the  larvae  have  stopped 
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feeding.  During  the  transformation  of  the  larvae  into  pupae  the  two  pairs 
of  spiracles,  which  are  somewhat  prominent  in  the  larval  condition,  are 
transformed  into  the  two  pairs  of  prominent  hooks  that  are  so  character- 
istic of  the  puparia.  These  hooks  serve  to  keep  the  puparia  in  position 
beneath  the  epidermis  and  undoubtedly  prevent  them  from  being  shaken 
loose  even  when  the  stalks  are  pulled  away  from  the  plants. 

The  insects  remain  in  the  pupal  state  for  two  to  three  weeks  before  the 
new  generation  appears.  The  puparia  formed  during  the  fall  are  carried 
over  on  the  stalks  to  the  next  spring.  It  is  this  fall  brood  of  puparia  that 
asparagus-growers  are  urged  to  destroy,  thus  preventing  the  appearance 
of  the  adults  and  their  consequent  egg-laying  in  the  following  spring. 

Seasonal  summary  of  life  history 
The  adults  appear  from  the  middle  to  the  last  of  May,  and  within  a 
week  after  their  appearance  eggs  are  deposited  on  seedling  stalks  and  on 
volunteer  plants.  This  takes  place  from  about  the  end  of  May  to  the  first 
week  of  Jime.  Within  two  to  three  weeks,  or  about  the  middle  of  June,  the 
eggs  hatch  and  the  larvae  begin  to  mine  the  stalks.  The  larvae  attain  full 
growth  by  the  end  of  June  to  the  first  week  in  July  and  pupate  beneath 
the  epidermis  of  the  stalks.  Thus,  larvae  attaining  their  full  growth  pupated 
on  July  3,  and  the  adults  began  to  issue  forth  on  July  20  and  afterwards. 
Pupation,  therefore,  lasts  for  seventeen  to  twenty-one  days.  The  adults 
of  the  new  generation  soon  begin  to  oviposit  and  the  life  cycle  is  repeated. 
The  larvae  of  the  new  generation  attain  their  full  growth  by  the  end  of 
August  to  the  first  week  in  September.  The  puparia  formed  remain 
over  winter,  the  adults  not  appearing  before  May  of  the  following  year. 
There  are,  therefore,  two  generations  a  year  in  the  vicinity  of  Ithaca, 
New  York. 

METHODS  OP   CONTROL 

Owing  to  the  habits  and  natiu^al  history  of  the  asparagus  miner,  the 
use  of  insecticides  for  its  control  has  not  been  experimented  with  by  other 
workers.  Chittenden  suggests  permitting  a  few  voltmteer  plants  to  grow 
during  the  cutting  season  in  order  to  Itxre  the  insects  to  deposit  their  eggs 
on  them,  these  plants  being  later  pulled  and  burned.  This  method, 
however,  does  not  take  into  consideration  the  presence  of  seedling  beds, 
which  cannot  be  pulled  and  which  offer  a  place  for  the  fly  to  deposit  her 
eggs.  Sirrine  suggests  pulling  the  stalks  of  a  badly  infested  bed  late  in 
the  fall  and  thus  destroying  the  puparia.  Where  the  stalks  can  be  pulled 
easily  this  is  imdoubtedly  the  best  method  to  pursue;  but  in  a  number  of 
instances  in  the  experiments  in  the  fall  of  191 2  the  writer  found  that  not 
only  were  the  stalks  hard  to  pull  out,  but  also  they  required  the  aid  of  a 
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good  jackknife  for  cutting  them  loose.  Eariy  in  spring,  however,  if  the 
soil  is  worked  loose  about  the  asparagus  clumps  to  a  depth  of  three  inches 
or  more,  the  stalks  are  pulled  out  easily  without  the  least  danger  of  scat- 
tering the  puparia. 

Several  experiments  were  conducted  by  the  writer  during  the  summer 
of  19 1 2  with  sprays  for  killing  both  the  larvae  and  the  flies. 

Experiments  for  control  of  the  larva 

Two  experiments  were  made  for  killing  the  larvae.  The  first  consisted 
of  the  use  of  **  Black-leaf  40  "  tobacco  extract  at  the  rate  of  i  to  700, 
four  poimds  of  soap  being  added  as  a  sticker.  In  the  second  experiment 
"  Black-leaf  40"  was  used  at  the  rate  of  i  to  500,  with  foiur  pounds  of 
soap  added  as  a  sticker.  In  both  the  experiments  the  primary  object 
was  to  spray  the  stalks  of  plants  badly  infested  with  the  miner  and  to 
determine  whether  the  given  solutions  would  eventually  have  any  eflfect 
on  the  maggots  beneath  the  epidermis.  The  stalks  were  thoroughly 
drenched  with  the  spray. 

The  results  from  the  first  experiment,  in  which  the  strength  was  only 
I  to  700,  indicated  clearly  that  the  spray  had  absolutely  no  effect  on  the 
larvae.  No  larvae  were  killed  in  the  mines.  The  results  of  the  second 
experiment  were  more  encouraging.  Yoimg  larvae  just  beginning  their 
mines  were  foimd  killed  by  the  strength  of  i  to  500.  Full-grown  or  nearly 
full-grown  larvae  either  went  into  pupation  soon  after  the  sprajang,  or 
emerged  from  the  mines  to  the  surface  of  the  stalks;  later,  the  larvae  that 
emerged  were  foimd  either  dead  or  transformed  into  the  pupa  stage. 
This  experiment  was  repeated  several  times  with  the  same  results. 

Experiments  for  control  of  the  flies 

In  the  experiments  for  killing  the  flies  the  spraying  was  done  both  out 
of  doors  and  on  plants  in  the  insectary.  For  the  first  experiment  potas- 
sium arsenate  was  used  at  the  rate  of  i  part  to  45  parts  of  water,  twelve 
pounds  of  sirup  being  added  in  order  to  attract  the  flies.  For  the  second 
experiment  arsenate  of  lead,  2  pounds  to  50  gallons  of  water,  was  used, 
with  twelve  poimds  of  sirup  added  in  order  to  attract  the  flies.  In  these 
experiments  the  plants  were  thoroughly  drenched  with  the  spray.  Within 
the  insectary  a  plant  in  a  cage  was  sprayed  and  flies  were  afterwards 
placed  in  the  cage. 

In  the  first  experiment  the  flies  in  the  cages  were  fotmd  dead  twelve 
to  twenty-fotir  hours  after  spraying.  In  one  cage  the  flies  were  found 
dead  within  six  hours  after  the  spraying  was  finished.  Some  injury  to 
the  plants  was  noticed,  however,  the  next  day.  This  was  due  undoubtedly 
to   the  potassitun  that  went  into  solution.    In  the  second  experiment 
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the  flies  in  the  cages  were  found  dead  within  thirty-six  to  forty-eight 
hours.  The  action  of  the  poison  on  the  flies  was  slow,  but  they  eventually 
succumbed.  Out  of  doors  it  was  impossible  to  determine  definitely  the 
effect  of  the  spray  on  the  flies,  for  dead  flies  were  found  both  Mnder  the 
plants  that  wdre  sprayed  and  under  those  that  were  not  sprayed. 

Conclusions 

Prom  the  few  experiments  made  and  the  small  number  of  plants  used, 
it  was  impossible  to  draw  very  safe  conclusions.  The  writer  believes  that 
more  experiments  are  necessary  in  order  to  determine  the  kind  and  strength 
of  insecticide  that  would  be  effective  in  killing  the  larvae.  "  Black-leaf  40  " 
tobacco  extract,  in  the  proportion  of  i  gallon  to  500  gallons  of  water, 
appears  to  be  adequate. 

In  the  case  of  adults,  although  the  results  within  the  cages  were  encoiu*- 
aging,  field  experiments  on  a  large  scale  should  be  conducted  in  order  to 
demonstrate  whether  the  spray  used  will  rid  asparagus  of  the  miner. 
The  writer  believes  that  when  both  the  miner  and  the  beetles  are  present 
the  use  of  arsenate  of  lead  in  the  proportions  mentioned,  with  sirup  added, 
will  control  both  pests.  It  would  seem,  therefore,  that  by  pulling  the 
infested  stalks  in  late  fall  or  early  spring  and  by  the  use  of  the  spray  for 
the  flies  and  beetles,  the  miner  can  easily  be  exterminated. 
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trachtimgen,    Prometheus,  vol.  13,  no.  656,  p.  499. 
Discusses  Agromyta  maura  Meig. 

1902.    Chittenden,  F.  H. —  Asparagus  miner.    Ybk.  U.  S.  Dept.  Agr., 

1902,  pp.  726-733. 
This  insect  found  injurious  in  the  District  of  Columbia. 
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1905.  Smith,  R.  E. —  Insects  affecting  the  asparagus  plant.    Bui.  165, 

California  Agr.  Exp.  Sta.,  p.  96. 

This  insect  becoming  abundant  in  California.    Its  effect  seen  at  the  base  of  mature 
stalks. 

1906.  Smith,  R.  E. —  Asparagus  conditions  in  1905.    Bui.  172,  California 

Agr.  Exp.  Sta.,  p.  21. 

The  work  of  the  miner  has  been  ascribed  to  the  attacks  of  centipedes  in  the  soil. 
The  miner  was  very  abundant  in  the  yellow  stalks. 

1907.  Britton,  W.  E. —  The  asparagus  miner.    6th  Rept.  Connecticut 

State  Ent..  pp.  303-305. 

Short  descriptions  of  and  observations  on  the  wc^-k  of  the  miner. 

1907.    Chittenden,  P.  H. —  The  asparagus  miner.    Bui.  66,  part  i.  Bur. 

Ent.,  U.  S.  Dept.  Agr.,  pp.  1-5,  illus. 

Pull  discussion  of  habits,  life  history,  and  descriptions. 

1907.    Lesne,  P. —  Les  insectes  de  Tasperge.    Journal  d'Agriculture  Pra- 
tique, torn  14,  pp.  308-311. 
General  observations  on  the  work  of  the  miner. 

1907.    Chittenden,    P.    H. —  Asparagus    miner.    Insects    injurious    to 

vegetables,  pp.  97-98. 

1907.    Chittenden,  P.  H. — A  note  on  the  asparagus  miner.    Bui.  66,  part 

7,  Biu-.  Ent.,  U.  S.  Dept.  Agr.,  p.  94. 

Report  of  occurrence  of  the  pest  in  California,  in  Portsmouth,  Virginia,  and  in  Con- 
cord, Massachusetts. 

191 1.  Chittenden,  P.  H. —  The  asparagus  miner.    Cir.  135,  n.  s.,  Bur. 

Ent.,  U.  S.  Dept.  Agr.,  pp.  1-5. 

Full  discussion  and  description  of  the  species. 

1912.  Sanderson,  E.  D. —  Asparagus  miner.    Insect  pests  of  the  farm. 

Garden  and  Orchard,  pp.  428-429. 
Short  account. 
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THE  TWELVE-SPOTTED  ASPARAGUS  BEETLE 

(Crioceris  duodecimpunctata  L.) 
Order,  Coleoptera  Family,  Chrysomelidae 

D.  E.  Fink 

To  the  general  reader,  as  well  as  to  the  entomologist,  the  history,  dis- 
tribution, and  habits  of  the  twelve-spotted  asparagus  beetle  afford  one 
of  the  most  interesting  accounts  that  could  be  written  about  any  insect 
pest.  The  mysterious  introduction  of  this  species  into  the  United  States, 
the  discovery  of  its  presence  near  Baltimore,  Maryland,  the  rapid  spread 
from  that  center,  the  keen  race  northward  with  the  common  species, 
Crioceris  asparagi,  the  simultaneous  arrival  in  Canada  of  the  two  species, 
and  their  progressive  advance  westward,  are  only  a  few  of  the  many 
interesting  phases  of  the  history  of  the  twelve-spotted  beetle. 

Like  its  rival  the  "  blue  species  "  {Crioceris  asparagi),  this  insect  feeds 
entirely  on  asparagus.  In  general  habits,  however,  the  twelve-spotted 
beetle,  or  **  red  species,"  differs  in  many  respects  from  the  common  aspara- 
gus beetle.  Appearing  early  in  spring  at  almost  the  same  time  as  does 
the  common  asparagus  beetle,  egg-laying  by  the  twelve-spotted  beetle 
does  not  begin  until  the  middle  of  June  or  later  —  in  fact,  not  until  the 
flowers  of  the  asparagus  stalks  have  been  fertilized,  and  in  many  cases  not 
until  the  berries  have  begim  to  form.  In  contrast  to  the  common  species, 
whose  eggs  are  very  conspicuous,  the  eggs  of  the  twelve-spotted  beetle 
are  hard  to  find.  The  female  hides  her  eggs  among  the  narrow,  thin 
branches,  and  the  color  of  the  eggs  resembles  so  closely  the  color  of 
the  branches  that  the  eggs  not  only  are  rendered  very  inconspicuous  but 
also  require  close  inspection  before  they  can  be  found.  Also,  the  larvae 
have  the  interesting  habit  of  boring  into  aberry  as  soon  as  they  are  hatched. 
With  the  .exception  of  the  adult  stage,  when  their  bright  orange  color  and 
black  spots  render  the  insects  very  conspicuous,  the  phases  of  their  life 
cycle  are  more  or  less  unnoticeable,  yet  at  the  same  time  they  are  extremely 
interesting. 

HISTORY  AND  DISTRIBUTION 

Just  how  or  when  the  twelve-spotted  asparagus  beetles  were  introduced 
into  this  coimtry  from  Europe  will  probably  never  be  known.  So  far  as 
can  be  gleaned  from  the  literature  of  the  subject,  the  insects  were  first 
observed  in  1 88 1  near  Baltimore,  Maryland,  by  Otto  Lugger.  The  assumpH 
tion  at  that  time  was  that  the  species  had  existed  in  this  country  for  several 
years  prior  to  its  discovery  by  Lugger.  Lugger  mentions  that  when  dis- 
covered the  insects  were  feeding  on  volunteer  asparagus  plants. 
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For  about  ten  years  after  its  discovery  no  mention  of  the  species  appeared 
in  any  of  oiir  literature.  In  1892  A.  P.  Gorden  reported  finding  the  b^tle  in 
Cummings,  Carroll  county,  Maryland.  In  the  same  year  it  was  reported 
from  Gloucester  coimty,  New  Jersey.  J.  B.  Smith  says,  in  his  Nineteenth 
Report  (1898):  "  First  example  of  the  beetles  was  foimd  on  volunteer 
plants  near  railroad  not  far  from  Swedesboro,  Gloucester  county,  in  1892. 
The  numbers  present  made  it  certain  that  it  had  been  with  us  for  two 
years  at  least.  Insects  did  not  like  dense  growth  but  were  found  on  isolated 
plants  in  cultivated  beds  or  on  volunteer  shoots."  By  1897  the  beetles 
had  reached  Monmouth  county  in  the  east  central  part  of  New  Jersey. 
When  spreading  from  Maryland  to  New  Jersey  they  established  themselves 
in  northern  Delaware. 

During  the  ten  years  subsequent  to  its  discovery,  the  twelve-spotted 
beetles  evidently  multiplied  to  such  an  extent  that  their  ravages  began 
to  attract  the  attention  of  growers  wherever  they  made  their  appearance. 
Throughout  their  progress  northward  their  invasion  was  always  accom- 
panied by  serious  damage  and  loss  to  asparagus-growers.  In  1893  the 
pest  appeared  in  Monroe  coimty.  New  York.  Lintner  says,  in  the  Twelfth 
Report  of  Insects  of  New  York  (1897):  "  Found  the  beetles  infesting 
an  asparagus  bed  in  Brighton,  Monroe  county.  New  York,  in  comparatively, 
small  niunbers  in  1893  on  the  farm  of  S.  J.  Robbins."  From  that  date 
the  beetles  continued  their  advance  from  one  county  to  another  in  New 
York  State.  By  1899  they  were  distributed  in  the  following  twelve 
coimties:  Nassau,  Schuyler,  Niagara,  Wyoming,  Chautauqua,  Allegany, 
Monroe,  Albany,  Suffolk.  Wayne,  Yates,  and  Erie. 

In  1894  the  beetles  were  found  at  Frankford  Junction,  Philadelphia. 
By  1898  they  had  spread  over  New  York.  New  Jersey,  Delaware,  Mary- 
Umd,  and  Pennsylvania,  and  were  still  continuing  their  progress  north- 
ward. In  that  year  they  made  their  first  appearance  in  Canada.  Fletcher 
states  that  "  both  species  jvere  found  in  Canada  during  the  summer  of 
1898  and  were  equally  abundant."  In  1901  the  beetles  began  their 
spread  westward.  Up  to  the  present  time  they  occur  as  far  west  as  Ohio 
and  as  far  north  as  to  include  the  Niagara  peninsula.  Since  the  first 
observance  of  the  twelve-spotted  asparagus  beetles  near  Baltimore  in 
1881 ,  the  insects  have  been  reported  from  Canada  and  from  the  following 
States :  Maryland,  Delaware,  Pennsylvania,  New  Jersey,  New  York,  Con- 
necticut, Rhode  Island,  Ohio,  Massachusetts,  and  Maine. 

NATURE  AND  EXTENT  OF  INJURY 

In  early  spring  after  the  asparagus  shoots  have  begun  to  appear  above 
the  grotmd.  the  hibernating  beetles  emerge  and  begin  to  attack  growing 
shoots  in  the  same  manner  as  do  the  beetles  of  the  conmion  species.    Obser- 
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vations  in  the  vicinity  of  Ithaca,  New  York,  failed  to  show  any  attack 
on  cutting  beds,  but  the  beetles  were  found  in  large  numbers  on  volunteer 
plants  growing  near  a  cutting  bed.  Later,  when  the  cutting  season  is 
over  and  the  shoots  have  begun  to  branch  out,  the  attack  on  asparagus 
plants  is  begun  in  earnest.  The  beetles  at  this  time  feed  mainly  on  the 
stalks  and  branches,  gnawing  the  epidermis  and  biting  out  large  pieces. 
Even  the  larger  branches  are  entirely  destroyed  by  the  incessant  and 
voracious  appetites  of  the  beetles.  They  feed  also  to  some  extent  on 
the  very  small  branches.  Later,  the  beetles  feeding  on  the  branches  and 
stalks  feed  to  a  large  extent  on  the  blossoms  and  berries.  The  berries  arc 
attacked  and  eaten  with  relish  by  the  beetles,  and  the  larvae,  almost 
immediately  after  they  are  hatched,  seek  out  and  enter  the  berries, 
leaving  one  berry  for  another  until  they  have  become  matured. 

To  seed-growers  the  destruction  of  the  berries  is  unquestionably  a 
severe  loss,  while  to  asparagus-growers  the  stalks  are  essential  for  the  full 
development  and  growth  of  the  asparagus  roots  for  the  following  year; 
hence,  the  damage  done  by  the  beetles  and  larvae  is  considerable,  especially 
when  they  occur  in  great  ntunbers.  V.  H.  Lowe,  in  his  Fifteenth  Report 
(1896),  stated  that  there  were  more  of  the  twelve-spotted  beetles  than 
of  the  common  species,  and  that  several  growers  had  given  up  the  fight 
and  plowed  under  their  asparagus  beds.  Lintner,  in  his  Twelfth  Report 
(1897),  mentions  that  this  species  eats  into  growing  shoots  more  than  does 
the  common  form,  and  makes  them  tmfit  for  market.  J.  B.  Smith,  in 
his  Nineteenth  Report  (1898),  mentions  having  foimd  the  larvae  feeding 
on  foliage.  Professor  Lochhead,  in  his  Thirty-second  Report  (1902), 
states  that  "  the  beetles  about  St.  Catherines  did  much  damage  "  and 
**  seemed  to  gnaw  the  epidermis  as  shoots  were  peeping  above  grotmd 
before  ready  to  cut  for  market." 

DESCRIPTION  OF  STAGES 

The  adult 
The  adult  beetles  are  about  seven  millimeters,  or  a  quarter  of  an  inch, 
in  length.  They  are  wider  than  the  common  species  and  have  a  cylindrical 
thorax  and  a  roundish  head.  The  eyes  are  prominent.  In  color  the 
entire  body  is  a  uniform  orange-red  except  the  following  parts,  which  are 
black:  eyes,  antennae,  coxae,  tarsus,  tip  of  femur  and  of  tibia,  twelve  spots 
on  elytra,  scutellimi,  and  ventral  parts  of  thorax.  The  elytra  cover  the 
entire  abdomen  and  extend  somewhat  beyond  the  apex  of  the  abdomen. 

The  egg 
The  egg  is  of  the  same  general  shape  and  size  as  that  of  the  common 
species,  slightly  over  a  millimeter  in  length.    When  first  deposited  the 
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egg  is  light  yellow  or  orange  in  color  and  remains  so  for  several  days, 
turning  later  to  a  light  green.  Several  days  before  hatching  one  end  of 
the  egg  becomes  extremely  dark,  and  just  before  hatching  this  dark  part 
can  be  distinguished  as  the  black  head  of  the  larva  inside  the  eggshell. 

The  larva 

In  form  and  general  appearance,  but  not  in  color,  the  larva  resembles 
closely  that  of  the  common  asparagus  beetle. 

First  stage. —  When  first  hatched  the  larva  is  slightly  over  a  millimeter 
in  length,  with  black  head  and  legs  and  a  black  spot  on  either  side  of  the 
third  segment.  The  color  of  the  body  is  pale  yellow  to  pale  orange.  The 
first  thoracic  segment  has  two  long,  dark  brown  plates.  The  body  tapers 
gradually  toward  the  anal  segment.    . 

Second  stage. —  With  the  first  molt  the  head  assiunes  a  pale  yellow  color 
and  the  body  a  deeper  orange.  The  larva  measures  about  four  milli- 
meters in  length  in  this  stage. 

Third  stage. —  After  the  second  molt  the  larva  has  nearly  the  same 
general  appearance  as  after  the  first  molt,  except  that  it  is  much  larger. 
The  color  of  the  body  is  not  so  strikingly  orange,  but  varies  much  with 
different  larvae.  Some  are  brownish  yellow,  others  are  light  orange, 
and  still  others  are  grajash  yellow  or  orange.  The  head  is  decidedly 
yellow  and  the  legs  are  light  brown.  Each  segment  except  the  anal  has 
a  pair  of  spiracles,  one  on  either  side. 

The  cocoon. —  The  cocoon  is  merely  a  cell  made  in  the  soil,  and  con- 
sists of  tough  silk  spim  by  the  larva.  It  is  elongate  oval  in  shape,  with 
particles  of  soil  adhering  to  the  outside  giving  it  a  somewhat  irregular 
appearance.  On  the  inside  the  cocoon  is  perfectly  smooth  and  fits  snugly 
about  the  larva. 

The  pupa 

Within  two  to  three  days  after  the  larva  has  entered  the  soil  and  made 
its  cell,  it  pupates.  At  this  time  the  pupa  is  light  yellow.  No  eyes  are 
visible,  but  the  antennae,  legs,  and  wing-pads  appear  very  distinct  and 
are  white.  Within  a  week  the  eyes  become  distinct  and  are  brown  in 
color,  and  the  legs  begin  to  look  yellow  with  the  black  markings  very 
apparent. 

LIFE   HISTORY  AND  HABITS 

In  spring  —  about  the  middle  of  May  or  earlier,  depending  on  the 
season  —  the  adult  beetles  of  this  species  emerge  from  their  hibernating 
places  and  begin  to  gnaw  the  tender  asparagus  shoots.  This  is  about 
a  week  later  than  the  beetles  of  the  common  species  emerge.  At  this 
time  the  insects  feed  mainly  on  the  stems  of  the  sprouting  shoots,  and 
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when  the  cutting  season  begins  they  are  found  in  large  numbers  on  volimteer 
plants.  In  June  they  are  found  feeding  also  on  the  blossoms  and  fruit. 
The  beetles  take  flight  readily  when  disturbed,  but  they  also  dodge  aroimd 
the  stem  as  do  those  of  the  conMnon  species.  As  stated  by  Chittenden, 
the  beetles  when  handled  often  produce  a  crackling  sound,  which  is  effected 
by  rubbing  the  tip  of  the  abdomen  against  the  elytra. 

Copulation  begins  soon  after  the  appearance  of  the  adults,  and  lasts 
throughout  the  months  of  May  and  Jime  and  even  into  the  first  week 
of  July.  Egg-laying,  however,  does  not  begin  soon  after  copxdation; 
in  fact,  egg-laying  does  not  begin  until  after  asparagus  plants  have  either 
blossomed  or  begun  to  form  the  berries.  This  occurs  usually  about  three 
weeks  or  more  after  the  appearance  of  the  beetles  in  spring. 

Deposition  of  eggs 

The  female  chooses  plants  that  have  many  small  branches  (popularly 
spoken  of  as  leaves),  and  probably  by  preference  also  those  branches 
that  bear  blossoms  or  berries.  The  eggs  are  deposited  singly  on  their 
sides  on  a  single  branch  or  between  two  branches.  In  oviposition  the 
female  takes  up  a  position  on  a  stem,  thrusts  her  ovipositor  beneath  a 
branch,  and  deposits  the  egg.  The  egg,  being  viscid,  adheres  firmly  to 
the  side  of  the  branch.  The  female  then  moves  along  the  stem  and  repeats 
the  process.  Three  eggs  were  observed  to  be  thus  deposited  within  forty- 
five  seconds. 

The  eggs  are  elongate  oval,  slightly  broadened  at  one  end,  perfectly 
smooth,  and  with  no  sculptural  nMxkings.  When  first  deposited  they 
are  light  orange  in  color;  after  a  few  days  they  become  dark  green.  Several 
days  before  hatching  one  end  of  the  egg  becomes  black,  thus  indicating 
the  black  head  of  the  larva  within  the  egg.  Incubation  lasts  for  seven 
to  twelve  da3rs. 

Habits  of  the  larva 

The  larva  does  not  begin  to  feed  on  the  small  branches  as  soon  as  it 
is  hatched,  but  wanders  about  the  stem.  The  writer  has  observed  a 
newly-hatched  larva  moving  about  a  branch  for  hours  without  feeding; 
as  soon  as  a  berry  was  supplied,  however,  the  larva  immediately  began 
to  bore  into  it,  and  within  forty-five  minutes  the  larva  had  made  its  way 
to  the  inside  of  the  berry.  The  larva  shows  a  preference  as  to  the 
point  where  it  enters  the  berry.  In  every  instance  observed,  the 
newly-hatched  larva  bored  and  entered  beneath  one  of  the  sepals  or  between 
two  sepals  covering  the  berry  at  the  calyx  end.  The  sepal  thus  conceals 
the  entrance  of  the  larva  into  the  berry.    This  instinct  of  concealment 
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Fig.  136. —  Twelve-spotted 
asparagus  beetle^  enlarged 
and  natural  size 


Fig.  137. —  Egg  of  beetle  on  branch  of 
asparagus 


Fig.  138. —  Larva  of  twelve-spotted 
asparagus  beetle 


Fig.  139. —  Pupal  case  from  soU 


Fig.   140.  —  Pupa, 
dorsal  view 


Fig.  141.—  PupcL 
ventral  view 
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caused  by  the  adult  bmUs 


Fig.  ia^.-~ 


143.-  Buds,  Partly  eaten  by  aspara^ 
gus  beetles  ' 


Fig.    1^^,-^iann    inside    berry 
enlarged 


^^H5;— Larva  inside 
^^y,  sltghtiy  eniargfid 
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Pig.  146. —  Life  cycle  oj  the  twelve-spotted  asparagus  beetle 
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undoubtedly  serves  as  a  means  of  protection.  The  surprising  feature  of 
the  matter  is  that  the  writer  has  never  found  more  than  one  larva  within 
a  berry. 

The  number  of  moUs 
The  larva  remains  in  the  first  berry  for  several  days,  eating  out  the 
soft,  juicy  pulp  and  the  tender  seeds.  Before  leaving  for  a  second  berry 
the  larva  molts  and  the  cast  skin  is  fotmd  inside  the  discarded  berry. 
The  larva  may  molt  again  before  leaving  the  second  berry,  but  sometimes 
the  second  molt  does  not  occur  before  the  larva  leaves  the  third  berry. 
After  the  second  molt  a  larva  can  eat  the  entire  contents  of  a  berry  within 
twenty-four  hours  or  less,  depending  on  the  size  of  the  berry.  By  the 
time  the  larva  has  become  fvill-grown  it  has  cast  its  sldn  twice.  It  may 
feed  on  as  many  as  four  berries  before  finally  entering  the  soil.  A  millimeter 
long  when  first  hatched,  the  larva  is  eight  millimeters  long  when  fxdl- 
grown. 

The  pupa 

Within  a  day  after  a  pupa  has  entered  the  soil  it  makes  a  tough  cell, 
or  cocoon,  of  silk.  In  shape  this  cocoon  is  oblong  oval.  Particles  of  soil 
adhere  to  the  outside.  Within  two  days  after  making  the  cell  the  larva 
pupates.  In  the  cocoon  the  third  cast  skin  is  found  after  the  larva  has 
changed  to  a  pupa. 

The  pupa  is  yellow  in  color.  Usually  twelve  to  sixteen  days  are  required 
for  its  transformation  to  the  adult  stage. 

Seasonal  summary  of  life  history 
The  beetles  emerge  about  the  middle  of  May  —  usually  about  a  week 
later  than  the  common  species.  Egg-laying  does  not  begin  until  three 
to  foiu-  weeks  after  the  emergence  of  the  beetles,  or  about  the  middle  of 
June  in  the  vicinity  of  Ithaca.  Within  seven  to  twelve  days  the  eggs 
hatch  and  the  larvae  immediately  enter  the  berries.  A  week  to  ten  days 
is  spent  within  the  berries  before  the  larvae  become  mature,  when  they 
enter  the  soil.  Pupation  lasts  twelve  to  twenty  days  before  the  adults 
appear.  In  the  vicinity  of  Ithaca  the  adults  of  the  first  generation  begin 
to  emerge  about  July  20.  Egg-laying  for  the  second  brood  commences 
about  August  i  and  the  larvae  hatch  about  August  9. 

methods  of  study 
In  order  to  determine  the  period  of  egg  incubation  and  to  ascertain 
the  exact  nimiber  of  times  that  the  larva  casts  its  skin,  it  was  necessary 
to  adopt  some  method  whereby  the  larva  could  be  isolated,  and  branches 
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containing  eggs  were  placed  in  vials.  These  branches  were  collected  on 
the  day  when  the  eggs  were  deposited  on  them.  Branches  containing 
berries  were  also  placed  within  the  vials,  so  that  the  larvae  might  find 
their  proper  food  immediately  after  hatching.  As  soon  as  a  larva  hatched 
and  began  boring  in  one  of  the  berries  it  was  isolated  in  one  of  the  vials 
half  filled  with  soil.  In  this  vial  a  second  berry  was  added,  to  serve  as 
food  when  the  first  berry  shotild  be  discarded.  The  vials  were  observed 
daily,  and  as  soon  as  a  berry  was  eaten  out  and  discarded  by  a  larva  it 
was  examined  carefully  for  the  cast  skin.  This  method  afforded  an  excel- 
lent means  of  ascertaining  the  nimiber  of  molts  of  the  larva  and  the  ntmiber 
of  berries  eaten  by  it.  When  the  larva  finally  became  full-grown  it  entered 
the  soil  within  the  vial,  and  there  made  a  cell  in  which  to  pupate.  The 
cells  could  be  examined  easily  and  the  time  required  for  transformation 
of  the  larvae,  as  well  as  the  time  required  for  pupation,  could  be  readily 
ascertained.  The  adults  that  issued  later  were  afterwards  placed  in 
cages. 

METHODS  OP   CONTROL 

With  the  available  knowledge  of  the  habits  and  life  history  of  this 
insect  the  methods  of  control  easily  suggest  themselves.  Since  the  larvae 
live  and  feed  entirely  within  the  berries,  it  would  seem  as  if  no  insecticide 
would  be  of  value  in  their  control.  Although  no  experiments  were  con- 
ducted to  that  effect,  the  writer  believes  that  if  the  berries  are  sprayed 
with  some  poison,  such  as  arsenate  of  lead,  as  soon  as  they  are  formed, 
the  larvae  when  hatched  will  get  some  of  this  poison  in  their  first  meal. 
There  seems  to  be  no  necessity  for  this  extra  spraying,  however,  imless 
the  spraying  for  the  beetles  has  been  delayed  or  neglected  until  the  adults 
have  begim  ovipositing.  As  the  beetles  do  not  begin  to  deposit  their  eggs 
until  three  to  four  weeks  after  their  emergence  in  spring,  spraying  with 
arsenate  of  lead  —  2  pounds  to  50  gallons  of  water,  with  two  to  four  poimds 
of  soap  added  as  a  sticker  or  twelve  poimds  of  sirup  added  when  the  aspar- 
agus miner  is  present  —  will  effectively  destroy  the  beetles  before  they 
have  had  a  chance  to  deposit  their  eggs.  The  arsenate  of  lead  with  the 
addition  of  sirup  has  the  advantage  of  destroying  both  species  of  asparagus 
beetles,  as  well  as  the  asparagus  miner. 

BIBLIOGRAPHY   OP  THE   TWELVE-SPOTTED  ASPARAGUS   BEETLE 
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1872.    Kaltenbach,  J.  H. —  Spargel  Kafer.    Die  Pflanzen  Feinde,  1872, 

part  3,  pp.  721-722. 

Lema  i2'Punctata,  Found  the  larvae  in  August  and  September  in  asparagus  berries. 
Enters  soil  to  pupate,  and  issues  as  adult  in  two  weeks. 

1882.  Lintner,  J.  A. —  Recent  introduction  of  another  asparagiis  beetle, 
ist  Rept.  Insects  of  New  York,  p.  244. 

Reported  first  near  Baltimore,  Maryland,  but  has  recently  proved  even  more  trouble- 
some than  Crioceris  asparagi.  Distinguish^  from  latter  species  by  its  less  elongate 
form  and  the  bright  orange-red  of  its  elytra. 

1883.  Riley,  C.  V. —  Spread  of  the  twelve-punctured  asparagus  beetle. 
.Amierican  Naturalist,  February,  1883,  vol.  17,  no.  2,  p.  199. 

Pound  by  Lugger  near  Baltimore,  Maryland.  Has  proved  to  be  more  troublesome 
than  Crioceris  asparagi. 

1883.  Riley,  C.  V. —  Entomological  notes.  Rural  New  Yorker,  January, 
1883,  vol.  42,  no.  1720,  p.  22. 

Spread  of  the  twelve-punctured  asparagtis  beetle. 

1884.  Horn,  Dr.  W. —  Meeting  of  the  Entomological  Club  of  the  Amer- 
ican Association  for  the  Advancement  of  Science.  Canadian  Ento- 
mologist, vol.  16,  p.  183. 

Mention  of  the  insect. 

1887.    Taschenberg,  Dr.  E.  L. —  Das  Zw6lfpimktige  Zirpkaferchen.    Die 
Insekten  Tausendfussler  und  Spinnen,  vol.  9,  p.  181. 
Short  description  of  species. 

1892.    Riley,  C.  V.,  and  Howard,  L.  O. —  The  asparagus  beetles.    Insect 
Life,  vol.  4,  p.  395. 
Occurrence  of  the  insect. 

1892.    Smith,  J.  B. —  Notes  of  the  year  in  New  Jersey.     Insect  Life, 
voL  s,  p.  94. 
Mention  of  the  species. 

1892.    Smith,  J.  B. —  Crioceris  I2'punctata.    Entomological  News,  vol. 

3f  p.  207. 

The  pest  slowly  spreading. 

1892.  Howard,  L.  O. —  Crioceris  I2'punctaia.    Insect  Life,  vol.  5,  p.  98. 

1893.  Smith,  J.  B. —  Crioceris  I2'punctata,  Rept.  New  Jersey  Agr.  Exp. 
Sta.,  1892,  p.  393. 

The  pest  spreading  in  New  Jersey. 

1893.    Smith,  J.  B. —  The  twelve-spotted  asparagus  beetle.    Insect  Life, 

vol.  6,  p.  191. 

Pound  in  considerable  numbers  in  Gloucester  county,  New  Jersey,  also  in  Cumberland 
county  and  near  Camden,  embracing  nearly  the  whole  of  the  sandy  plains  of  the 
State. 

1893.    Riley,  C.  V.— Bui.  31,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  67. 
The  insect  Usted. 

1893.  Lintner,  J.  A. —  The  asparagus  beetles.  8th  Rept.  Insects  of 
New  York,  pp.  250-253. 

The  insect  recently  introduced  from  Europe. 

1894.  Smith,  J.  B. —  The  new  asparagus  beetle.  Rept.  New  Jersey 
Agr.  Exp.  Sta..  1893,  P-  444- 

The  pest  spreading  in  New  Jersey. 

1894.    Laurent,  Phillip. —  Proceedings  of  meetings.    Entomological  News, 
vol.  5.  p.  292. 
Mention  of  discovery  of  the  insect  by  Lugger  and  its  introduction  from  Europe. 
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1894.  Webster,  R.  L. —  Some  insect  immigrants  in  Ohio.    Bui.  51,  Ohio 
Agr.  Exp.  Sta.,  p.  121. 

Insect  inhabits  Europe  and  western  Siberia,  was  first  observed  in  this  country  about 
Baltimore,  Maryland,  and  is  spreading  slowly  westward. 

1895.  Lintner,   J.   A. —  Crioceris   I2'punctata.     loth  Rept.    Insects  of 
New  York,  p.  517. 

Specimens  obtained  from  Brighton,  Monroe  county,  New  York. 

1896.  Smith,  J.  B,— Crioceris  I2'punctata,     Bui.  6,  Div.  Ent.,  U.  S. 
Dept.  Agr.,  p.  62. 

The  pest  spreaoing  over  New  Jersey. 

1896.     Smith,  J.  B. —  Twelve-spotted  asparagtis  beetle.    Economic  Ento- 
mology, p.  212. 
Mention  ot  the  insect. 

1896.    Wenzd,  H.  W. —  Doings  of  societies.    Entomological  News,  vol. 

7,  p.  281. 

Found  in  abundance  on  small  growth  of  huckleberries  in  woods.  Evidently  the 
twelve-spotted  beetles  hibernated  there. 

1896.    Wickham,  H.  F. —  The  Coleoptera  of  Canada.    Canadian  Ento- 
mologist, vol.  28,  p.  74. 
Short  description  of  species. 

1896.    Lowe,  V.  H. —  The  asparagus  beetles.    1 5th  Ann.  Rept.  New  York 

(Geneva)  Agr.  Exp.  Sta.,  p.  526. 

First  observed  at  the  station  May  14,  1895.  When  asparagus  was  ripening  many 
of  the  plants  were  found  infested  with  the  species  in  nearly  all  stages  of  development. 
Insect  causing  great  anxiety.    Remedies  discussed. 

1896.    Johnson,  W.  G. —  Entomological  notes  from  Maryland.     Bui.  6, 

n.  s.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  pp.  63-66. 

The  twelve-spotted  species  is  becoming  somewhat  common.  Collected  in  Prince 
George,  St.  Marys,  and  Kent  counties. 

1896.    Johnson,  W.  G. —  The  asparagus  beetles.     9th  Rept.  Maryland 
Agr.  Exp.  Sta.,  p.  225. 
This  species  has  been  found  rather  common  and  is  spreading  to  new  localities. 

1896.    Johnson,  C.  W. —  The  new  asparagus  beetle.    Ann.  Rept.  Pennsyl- 
vania Dept.  Agr.,  1896,  p.  359. 
A  recent  importation  into  this  country  and  first  observed  by  Lugger  near  Baltimore, 

Maryland. 

1896.    Chittenden,  F.  H. —  The  twelve-spotted  asparagus  beetle.    Ybk. 
U.  S.  Dept.  Agr.,  1896,  p.  349. 
Distribution,  description,  hfe  history,  and  habits  and  remedies  are  discussed. 

1896.  Lintner,  J.  A. —  Crioceris  I2''punctata,     50th  Ann.  Rept.  New  York 
State  Mxis.,  pp.  248-252. 

Distribution,  life  history,  description,  and  short  bibliography. 

1897.  Wenzel,  H.  W. —  Doings  of  societies.    Entomological  News.  vol. 

8,  p.  181. 

Crioceris  i2'PuncUita  found  recently  in  Monmouth  county.  New  Jersey. 

1897.    Smith,  J.  B. —  Report  of  the  Entomologist.    8th  Ann.  Rept.  New 

Jersey  Agr.  Exp.  Sta.,  p.  403. 

C.  13'punctata  has  become  an  appreciable  factor.  It  now  occurs  throughout  the 
State,  from  the  Atlantic  coast  to  the  Delaware  River. 

1897.    Smith,  J.  B. —  Crioceris  12-punctcUa.    Entomological  News,  vol. 
8,  p.  181. 
Occurrence  along  Atlantic  coast. 
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1897.    Lintner,  J.  A. —  Crioceris  I2'punciata.     12th  Rept.  Insects  of  New 
York,  pp.  248-252. 
Full  discussion  and  bibliography. 

1897.  Laurent,  Phillip. —  Doings  of  societies.    Entomological  News,  vol. 
8,  p.  230. 

The  insects  found  in  large  numbers  at  Holmesburg  and  Lancaster,  Pennsylvania, 
and  also  at  Mt.  Airy. 

1898.  Chittenden,  P.  H. —  Insects  that  affect  asparagus.    Bui.  10,  n.  s., 
Div.  Ent.,  U.  S.  Dept.  Agr.,  pp.  57-59. 

Full  account  of  the  jpest. 

1898.    Pelt,  E.  P. —  The  asparagus  beetles.    The  Country  Gentleman, 
vol.  63,  no.  2379,  p.  693. 
The  twelve-spotted  spedes  well  distributed  along  Hudson  River  valley. 

1898.  Smith,  J.  B. —  The  12-spotted  asparagus  beetle.   Rept.  New  Jersey 
Agr.  Exp.  Sta.  1898,  pp.  463-466. 

Life  history  and  remedies. 

1899.  Sanderson,  E.  D. —  A  destroyer  of  asparagus  beetles.    American 
Gardening,  May,  1899. 

Treats  of  Prionidus  cristatus, 

1899.    Sanderson,  E.  D. —  Farm  News,  May,  1899. 

1899.    Pelt,  E.  P. —  Asparagus  beetles.     The  Country  Gentleman,  vol. 

64,  no.  2433,  p.  733. 

Traces  recent  distribution  of  the  speaes  in  New  York  State. 

1899.  Pelt,  E.  P. —  Asparagus  beetles.    Bui.  20,  n.  s.,  Div.  Ent.,  U.  S. 
Dept.  Agr.,  p.  61. 

Present  in  numbers  in  East  Amherst,  New  York,  and  found  also  in  vicinity  of  Albany, 
New  York. 

1900.  Webster,  R.  L. —  Some  insect  notes.     Entomological  News,  vol. 
II,  p.  436. 

Found  the  twelve-spotted  species  at  Buffalo;  New  York,  and  at  Ontario,  Canada. 

1900.     Smith,  J.  B. —  Ent.  Cir.  18,  New  Jersey  State  Bd.  Agr.,  p.  2. 
1900.     Lochhead,  W. —  Injurious  insects  of  the  orchard,  garden,  and 

farm  for  the  season  of  1899.    30th  Ann.  Rept.  Ontario  Ent.  Soc.,  pp. 

66-71. 

The  twelve-spotted  species  the  more  common  form  in  Niagara  district.    Rather 
destructive  in  Lincoln  and  Welland  counties. 

1900.     Lochhead,  W. —  Canadian  Horticulturist,  May,  1900,  pp.   192- 

193- 
Mention  of  the  insect.  - 

1900.    Johnson,  W.  G. —  Notes  on  insects  of  economic  importance  for 
1900.    Bui.  26,  n.  s.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  pp.  80-84. 
Mention  of  the  occurrence  of  the  twelve-spotted  asparagus  beetle. 

1900.     Howard,   L.   O. —  Appearance  of  the  twelve-spotted  asparagus 
beetle  near  New  York  City.     Bui.  22,  n.  s.,  Div.  Ent.,  U.  S.  Dept. 
Agr.,  pp.  107-109. 
A  colony  of  C.  12- punctata  was  found  in  the  outskirts  of  Brooklyn,  New  York;  the 

insects  were  apparently  abundant. 

1900.     Hutt,  W.  N. —  Asparagus  beetles.    30th  Ann.  Rept.  Ontario  Ent. 
Soc.,  p.  71. 
Discussion  of  both  species  of  asparagus  beetles;  remedies  suggested. 
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1900.    Fletcher,  J. —  Injurious  insects  in  Ontario  during  1899.    30th  Ann. 

Rept.  Ontario  Ent.  Soc.,  p.  io6. 

The  two  species  of  asparagtis  beetles  were  equally  abundant  and  were  the  cause 
of  loss  to  asparagus-growers  at  Queenstown. 

1900.    Felt,  E.  P. —  i2-spotted  asparagus  beetle.    15th  Rept.  New  York 

State  Ent.,  p.  583. 

Known  to  occur  in  the  State  at  Albany,  Newark,  Brighton,  East  Amherst,  Buffalo, 
and  Crosby. 

1900.  Felt,  E.  P. —  The  12-spotted  asparagus  beetles.   Bui.  37,  New  York 
State  Mus.,  vol.  8,  p.  27. 

Known  to  occur  in  several  places  along  Hudson  River  valley.    Description. 

1901.  Lochhead,  W. —  Insects  of  the  season  of  1900.    31st  Ann.  Rept. 
Ontario  Ent.  Soc.,  pp.  72-75. 

The  twelve-spotted  species  appears  several  weeks  later  in  the  spring  than  does  the 
common  species. 

1901.    Felt,  E.  P. —  i2-spotte(i  asparagus  beetle.    i6th  Rept.  New  York 
State  Ent.,  p.  991. 
This  species  has  already  attained  a  wide  distribution  in  this  State. 

1901.  Sajo,  K. —  Die  Spargelkafer.    Prometheus,  vol.  13,  no.  635,  pp. 
166-171. 

Description  of  species. 

1902.  Sajo,  K. —  Die  Bekamfung  der  Spargelfeinde  und  einige  Schluss- 
betrachtungen.    Prometheus,  vol.  13,  no.  656,  pp.  497-499. 

The  twelve-spotted  species  is  the  last  to  deposit  its  eggs  and  the  larvae  develop  within 
the  berries. 

1902.    Britton,  W.  E. — The  twelve-spotted  asparagus  beetle  in  Con- 
necticut.   26th  Ann.  Rept.  Connecticut  Agr.  Exp.  Sta.,  p.  174. 
It  is  expected  that  the  species  will  become  established  as  a  pest  on  asparagus  in  this 

State. 

1902.  Lochhead,   W. —  Asparagus  beetles.     32d  Ann.   Rept.   Ontario 
Ent.  Soc.,  pp.  43-50. 

The  twelve-spotted  species  is  found  more  abundant  and  leading  the  common  species 
in  its  spread  westward.    Much  damage  reported  about  St.  Catherines. 

1903.  Chittenden,  F.  H. —  Principal  injuriotis  insects  of  1903.     Ybk. 
U.  S.  Dept.  Agr.,  1903,  p.  566. 

Mention  of  the  species. 

1903.    Britton,  W.  E. —  The  twelve-spotted  asparagus  beetle  in  Con- 
necticut.   Canadian  Entomologist,  vol.  35,  p.  188. 
Mention  of  the  species. 

1903.    Britton,  W.  E. —  Crioceris  I2'punctata.    Ann.  Rept.  Connecticut 
Agr.  Exp.  Sta.,  1903,  p.  213. 
Now  regarded  as  one  of  the  injurious  spedes  of  the  State. 

1903.  Balkwill,  J.  A. —  Report  on  insects  of  the  year.    33d  Ann.  Rept. 
Ontario  Ent.  Soc.,  p.  41. 

First  record  of  the  twelve-spotted  asparagus  beetle  in  London  district. 

1904.  Lochhead,  W. —  Asparagus  beetles.     34th  Ann.  Rept.   Ontario 
Ent.  Soc.,  p.  36. 

Mention  of  the  species. 

1904.    Lochhead,  W. —  Some  injurious  insects  of  1 903  in  Ontario.    Bui.  46, 
Div.  Ent.,  U.  S.  Dept.  Agr.,  pp.  79-81. 
Mention  of  the  species. 
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1904.    Fletcher,  J. —  Insects  injurious  to  Ontario  crops  in  1903.    34th 
Ann.  Rept.  Ontario  Ent.  Soc.,  pp.  62-71. 
Remedies  discussed:  dusting,  poisons,  and  beating  the  insects. 

1904.    Britton.  W.  E. —  Insect  notes  from  Connecticut.    Bui.  46,  Div. 

Ent.,  U.  S.  Dept.  Agr.,  pp.  105-107. 

Considered  as  having  become  established  in  the  State  of  Connecticut. 
1904.    Balkwill,  J.  A. —  Asparagus  beetles.     34th  Ann.  Rept.  Ontario 

Ent.  Soc.,  pp.  ao-2i. 

Mention  of  the  species  as  traveling  gradually  westward. 

1907.    Chittenden,  P.  H. —  Notes  on  the  asparagus  beetles.     Bui.  66, 
part  I,  Bur.  Ent.,  U,  S.  Dept.  Agr.,  pp.  9-10. 
Distribution  of  the  species. 

1907.    Lesne,    P. —  Les  insectes   de  Tasperge.     Journal   d'Agrictdttu^ 

Pratique,  torn  14,  pp.  308-311. 

The  twelve-spotted  species  comes  out  in  April  and  begins  to  feed  on  the  foliage  of 
the  asparagus.  The  larvs  are  orange-colored,  and  tranaormations  take  place  in  the 
soil.    There  are  two  generations. 

1910.    Pemald,  !!•  T. —  Insects  of  the  year.    226,  Rept.  Massachusetts 

Agr.  Exp.  Sta.,  part  II,  pp.  70-73- 

The  twelve^potted  species  has  now  been  taken  in  Massachusetts.  It  was  found 
fairly  abundant  at  Concord  and  at  Roslindale.  This  pest  passes  its  early  stages  in 
aq>aragus  berries. 
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PREFACE 

The  data  Cv>mprised  in  the  following  bulletin  are  the  outcome  of  obser- 
vations covering  almost  twenty-five  years,  made  by  several  persons 
connected  with  the  Department  of  Horticulture  at  Cornell  University  and 
later  at  tne  N:*w  York  State  College  of  Agriculture  at  Cornell  University. 
The  study  of  pears  was  taken  up  by  L.  H.  Bailey  at  Ithaca  as  early  as 
1888,  and  to  this  work  was  assigned  a  part  of  the  horticultural  groimds. 
The  studies  in  pear  cultiu-e  included  the  Orientals  as  well  as  the  European 
varieties,  and  the  Oriental  types  early  found  a  place  in  the  collection. 
Most  o2  them  r*oved  to  be  free,  vigorous  growers  with  handsome,  glossy 
foliage,  bearing  freely  a  fruit  of  inferior  quality  as  compared  with  such 
standards  as  Bartlett  and  Anjou.  Professor  Bailey,  then  in  charge  of  the 
Department  of  Horticulture,  conducted  a  long  correspondence  for  the 
purpose  of  determining  the  history  of  Oriental  pears  in  North  America, 
and  this  correspondence,  together  with  pictures  and  notes,  has  been 
available  in  the  preparation  of  the  present  bulletin. 

The  variety  descriptions  found  at  the  close  of  this  bulletin  are  based 
largely  on  notes  made  on  specimens  grown  at  Ithaca,  but  somewhat  on 
correspondence  by  Professor  Bailey,  H.  R.  Cox,  and  the  writer  of  this 
preface. 

^  All  matter  pertaining  to  Oriental  pears  which  had  been  collected  by  the 
Department  of  Horticulture  was  placed  in  the  hands  of  Mr.  Cox,  a  grad- 
uate student  at  Cornell  University,  who  in  1907  imdertook  the  study  as  a 
topic  of  investigation  for  a  master's  thesis.  The  main  part  of  the  following 
pages  represents  the  results  of  the  study  by  Mr.  Cox.  In  order  to  bring 
the  matter  down  to  the  present  time,  the  writer,  assisted  by  T.  Sprague,  Jr., 
corresponded  with  prominent  pear-growers  in  the  leading  pear-produdng 
States  of  the  Union. 

The  chief  objects  of  the  study  have  been,  first,  to  determine  the  present 
status  of  leading  members  of  this  interesting  group  of  pears  and  their 
commercial  importance  to  the  orchard  interests  of  New  York;  and  second, 
to  ascertain  whether  any  well-established  body  of  experience  has  been 
collected  on  the  moot  question  as  to  whether  Kieffer  and  its  alUes  can  be 
satisfactorily  utilized  as  stocks  for  the  top-grafting  of  the  European 
varieties  and  their  descendants. 

The  investigation  shows  fairly  conclusively  that  the  nattiral  range  of 
the  members  of  this  Oriental  group  lies  south  of  New  York.  In  central 
New  York,  fruit  of  Kieffer  does  not  compare  favorably  with  the  product 
of  Delaware,  Maryland,  and  States  farther  south.    This  is  true  also  of 
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the  product  of  this  variety  as  grown  in  western  New  York;  and  only  on 
wann  soils  and  in  favorable  situations,  coupled  with  extra  care  and  careful 
thinning,  does  the  fruit  attain  the  size,  handsome  appearance,  and  quality 
that  characterize  the  Kieffer  of  the  Delaware  peninsula.  This  does  not 
mean,  however,  that  Kieffer  has  not  been  a  profitable  variety  in  pear 
sections  of  New  York.  Many  orchards  have  been  eminently  successful 
and  profitable  to  their  owners,  notwithstanding  the  relatively  smaller  and 
less  attractive  fruit  produced  as  compared  with  the  fruit  of  r^ons  adapted 
to  its  culture. 

Our  contention  is  that  fruit-growers  in  this  State  should  leave  Kieffer 
and  the  like  for  those  sections  in  which  this  group  attains  its  highest 
excellence,  for  the  sufficient  reason  that,  as  a  rule,  they  can  grow  varieties 
of  better  quality  than  the  Kieffer  in  these  regions,  whereas  the  more 
southerly  sections  are  generally  restricted  to  the  production  of  the  Ori- 
entals. It  is  a  question  of  adaptation  on  both  sides.  In  the  growing  of 
pears,  as  well  as  of  apples,  the  New  York  orchaidist  should  aim  at  the 
production  of  fruit  of  first  quality;  and  he  has  a  splendid  field  in  the 
growing  of  high-grade  pears. 

This  investigation  appears  to  throw  serious  doubt  on  the  possibility  of 
making  a  satisfactory  use  of  Kieffer,  Garber,  and  other  Oriental  hytnids 
now  planted  in  orchards,  as  stocks  for  top-working  varieties  of  the  Etiro- 
pean  strain.  It  is  true  that  a  few  successes  have  been  reported;  but,  in 
the  main,  partial  or  complete  failure  is  the  usual  result,  due  apparently 
to  uncongeniality  of  stock  and  sdon.  It  is  a  well-recognized  truth  that 
the  Orientals  are  exceedingly  vigorous  growers,  particularly  in  their 
younger  stages;  and  there  is  n:iarked  difference  in  texture  of  wood,  which 
in  itself  is  frequently  a  determining  factor  in  the  intergrafting  of  fruit  trees. 
It  is  not  probable  tbat  any  of  the  slow-growing  varieties  of  the  European 
type,  as  Seckel  for  example,  will  succeed  on  Kieffer  or  Le  Conte.  On  the 
other  hand,  a  limited  amount  of  evidence  is  found  in  favor  of  Kieffer  as 
a  stock  for  Bartlett,  which  itself  is  ranked  as  a  vigorous  grower.  The 
presumption  is  also  strong  that  the  grafting  must  be  done  with  consid- 
erable care  and  at  a  comparatively  early  period  in  the  life  of  the  stock. 

In  the  meantime,  the  Orientals  are  filling  an  excellent  mission,  and  are 
occupying  an  important  place  in  the  pomology  of  the  South  in  meeting 
the  demands  for  pears  adapted  to  South  Atlantic  and  Gulf  conditic«ns. 
Although  by  no  means  exempt  from  blight,  as  some  would  have  us  believe, 
or  immune  to  San  Jos^  scale,  these  enemies  are  seldom  fatal  to  the 
standard  varieties  of  this  strain  in  the  Carolinas,  Georgia,  Florida,  and 
the  lower  Mississippi  VaUey  States. 

In  New  York  the  era  of  the  Kieffer  has  passed.  Ordiards  of  this  variety 
will  be  planted  in  the  future,  but  not  by  the  discriminating  orchardist. 
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The  furor  is  over,  and  gi'owers  are  wisely  setting  varieties  better  adapted 
to  the  soil  and  climate  of  the  Empire  State  and  of  much  h^her  intrinsic 
quality.    This  is  as  it  should  be. 

The  writer  admowledges  with  thanks  the  use  of  five  photographs  kindly 
loaned  by  the  OflSce  of  Field  Investigations  in  Pomology  of  the  United 
States  Department  of  Agriculture.  The  other  illustrations  appearing  in 
the  bulletin  are  from  the  photographic  files  of  the  |Department  of 
Horticulture. 

John  Craig 
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ORIENTAL  PEARS  AND  THEIR  HYBRIDS^ 

H.  R.  Cox 

The  Oriental  pear,  Pyrus  sinensis,  is  variously  called  the  sand, 
Chinese,  and  Japanese  pear.  The  cultivated  varieties  of  this  species,  and 
more  especially  the  hybrids  between  the  Oriental  and  the  common,  or 
European,  pear,  Pyrus  communis,  constitute  the  subject  of  this  bulletin. 

The  species  grows  wild  in  Mongolia  and  Manchuria  and  is  cultivated  in 
China  and  Japan.  In  the  latter  coimtry  it  is  the  only  cultivated  species 
and  was  introduced  there  from  China  in  remote  times.  The  Oriental  pear 
was  perhaps  the  first  fruit  introduced  into  the  United  States  from  China 
or  Japan,  and  it  has  been  said  that  no  single  element  has  exerted  more 
influence  on  pear  culture  in  this  cotmtry,  especially  in  the  Eastern  States, 
than  the  introduction  of  this  species.  Although  held  in  small  esteem  in 
Europe  except  for  ornamental  purposes,  this  type  of  pear  has  become  of 
considerable  importance  within  the  past  forty  years  in  this  country  because 
of  the  many  desirable  and  remarkable  characters  of  its  hybrids.  These 
hybrids  produce  fruit  of  only  fair  quality  at  best,  but  their  vigor  of  growth, 
their  resistance  to  disease  and  to  insect  pests,  their  early  and  regular  habit  of 
bearing,  the  beauty  of  their  fruit,  and  their  wide  range  of  adaptability  have 
not  only  given  them  first  place  in  regions  little  adapted  to  the  common  pears, 
but  have  also  made  them  strong  competitors  of  the  latter  in  localities 
suited  to  both.  Although  in  recent  years  much  has  been  written  in 
reports  and  periodicals  about  this  t3rpe  of  pear,  the  facts  regarding  it  aie 
somewhat  scattered  and  imsystematized.  An  effort  is  here  made  to 
collect  all  this  information,  and  to  prosecute  an  inquiry  among  fruit- 
growers of  this  and  other  States  regarding  several  much  mooted  ques- 
tions concerning  these  pears. 

POSITION  OP  ORIENTALS  AMONG  CULTIVATED  PEARS  IN  THIS  COUNTRY 

There  are  many  species  of  pears,  but  practically  all  cultivated  pears 
are  included  in  three  species : 

A  large  proportion  of  the  varieties  grown  in  the  United  States  and 
nearly  all  varieties  grown  in  Europe  are  of  Pyrus  communis,  which  grows 
wild  over  the  larger  part  of  temperate  Europe  and  western  Asia.  This  is 
the  pear  of  history,  many  references  to  it  occurring  in  the  records  of  Syria, 
Egypt,  Greece,  and  Rome.  In  ancient  times  the  fruit  seems  to  have  been 
of  very  poor  flavor,  and  high-quality  pears  may  be  said  to  be  a  modem 
development  in  western  Europe.    Belgium  has  the  credit  for  the  first 
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great  improvements,  of  which  Van  Mons  was  the  leader  in  the  early  part 
of  the  nineteenth  centtuy.  Many  of  the  best  pears  grown  in  this  country 
have  been  developed  from  seed  of  the  best  European  varieties. 

Pyrus  nivaUft  or  the  snow  pear,  is  cultivated  to  a  limited  extent  in 
Europe  but  not  at  all  in  this  coimtry.  Its  dififerent  varieties  are  grown 
in  Austria,  northern  Italy,  and  several  of  the  departments  of  eastern  and 
central  France.  They  constitute  the  greater  nimiber  of  the  dder  pears, 
used  for  the  manufacture  of  perry,  or  pear  cider. 

The  Oriental  is  the  third  species  of  pears  that  have  been  subjected  to 
cultivation.  The  commercial  aspects  of  the  varieties  of  this  species, 
many  of  which  are  cultivated  in  Asia,  will  not  be  considered  here  since 
the  varieties  have  been  planted  to  only  a  limited  extent  in  this  country. 
A  number  of  the  hybrids,  however,  have  attained  great  prominence  in 
the  United  States,  among  which  are  Kieffer,  Le  Conte,  and  Garber,  and 
it  is  with  these  varieties  that  this  bulletin  is  chiefly  concerned. 

BOTANY  AND  EARLY  HISTORY 

The  tree  of  Pyrus  sinensis  attains  a  height  of  twenty  or  more  feet  and 
is  remarkable  for  its  vigorous  and  rapid  growth  of  strong,  thick,  greenish 
shoots,  its  freedom  from  disease,  and  its  hardiness.  The  leaves  are  long 
pointed  and  broadly  ovate,  dark  green,  shining,  and  larger  than  those  of 
Pyrus  communis,  with  margins  that  have  sharp,  almost  bristle-Uke  teeth. 
The  flowers  are  large,  white  tinted  with  pink,  and  appear  shortly  before 
the  foUage.  The  fruit  is  hard  and  generally  rough,  usually  with  a  cavity 
about  the  stem;  the  flesh  is  warted,  gritty,  tough,  and  in  flavor  poor 
and  insipid;  and  the  calyx  nearly  always  falls  before  maturity.  The 
species  is  known  in  this  country  in  a  nimiber  of  varieties,  among  which 
are  Daimyo,  Gold  Dust,  Mikado,  Hawaii,  Siebold,  Japanese  Sand,  Sha 
Lea  (Chinese  Sand),  and  others.  The  fruits  are  often  nearly  apple-like 
in  shape,  especially  in  the  russet  varieties,  but  are  distinguished  by  the 
long  stem  and  the  gritty,  pear-like  flesh.  Nimierous  writers  have  recog- 
nized a  number  of  different  types  of  variations  of  the  species.  One  of 
them  is  probably  the  pat  It,  white  pear,  or  snow  pear  (not  Pyrus  nivalis), 
to  which  reference  has  been  made  by  various  travelers  and  horticulturists. 
This  is  said  to  be  of  large  size  and  of  finer  flavor  than  the  sand  pear  type. 

Introduction  into  the  United  States 

The  introduction  of  the  sand  pear  into  this  country  was  probably  by 
way  of  Europe.  The  first  importation  into  Europe  of  which  there  is 
record  was  made  in  1S20  for  the  Royal  Horticultural  Society  of  London 
by  John  Peter  Wilson,  Captain  of  the  ship  "  Cornwall."    Tlxe  president 
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of  the  society,  Mr.  Knight,  grafted  the  species  on  an  old  pear  tree  in  his 
garden  at  Downton.  where  it  fruited  in  1823.    "  On  the  17th  of  November 


Fig.  147. —  Japanese  Sand  and  Sha  Lea  (Chinese  Sand)  varieties 

in  that  year,  a  specimen  was  sent  by  Mr.  Knight  to  the  Society;  it  was 
nearly  three  inches  long,  and  two  inches  and  a  half  in  diameter  in  the 
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middle,  and  nearly  equal  at  both  ends,  forming  almost  a  perfect  oval. 
The  stalk  was  unusually  long,  the  eye  small,  close,  deeply  sunk;  the  skin 
pale  dull  yellow,  covered  with  numerous  rough  brown  spots;  the  flesh 
white  and  crisp,  with  the  flavor  of  an  apple  rather  than  of  a  pear,  and  of 
no  particular  excellence.  The  tree  appears  to  be  a  distinct  species,  but 
nearly  related  to  the  Pyrus  Communis;  it  has  been  named  by  Mr.  Lindley 
Pyrus  Sinensis.  It  is  very  different  in  appearance  from  any  variety  of 
the  Common  Pear.  The  leaves  are  almost  evergreen,  continuing  on 
the  tree  nearly  the  whole  winter;  they  are  large,  and  shining  dark  green. 
The  tree  v^etates  very  early  in  the  spring,  when  it  is  easily  recognized 
by  the  brown  color  of  its  young  leaves  and  shoots."* 

Mr.  Lindley,  a  botanist,  also  a  member  of  the  society,  described  and 
pictured  the  sand  pear  several  years  later  and  gave  the  species  its  scien- 
tific name.  The  earliest  known  date  of  its  being  brought  to  this  country 
is  about  1840  or  a  few  years  earlier.  It  is  listed  in  the  catalogue  for  1841 
of  the  Prince  Nursery  of  Flushing,  Long  Island,  where  it  had  been  intro- 
duced from  France. 

European  importers  of  Oriental  fruits 

Von  Siebold, — "One  of  the  most  active  and  successful  importers  of 
Oriental  plants  was  Freiherr  v.  Siebold,  who  maintained  a  nursery  and 
botanic  garden  in  Leiden,  HoUand,  during  the  first  half  of  the  nineteenth 
century.  He  was  bom  in  Wurzburg  in  1796  and  died  in  Mimich  in  1866. 
Notar  Seuffert,  President  of  the  Frankischer  Gartenbau-Verein,  stated 
that  von  Siebold  imported  eighteen  new  species  (many  of  them  Pyrus), 
thirteen  of  which  are  in  the  Royal  Gardens  at  Stuttgart.  Among  these 
were  Prunus  virgata  flore  roseo  and  Hydrangea  paniculata  grandiflora. 
Von  Siebold  was  also  instrumental  in  introducing  many  varieties  of 
Chinese  peonies,  among  which  was  Paeonia  alba  gigantea. 

"Among  the  publications  of  von  Siebold  are  the  following: 

"i.  Tabulae  synopticae  usus  plantarum.  In  insula  Dezima  1827. 
folio.  4  foil. 

"  2.  Sjmopsis  plantarum  occonomicarum  imiversi  regni  japonid.    8.  IV. 

74  pp. 

"  3.  Einige  Worte  uber  den  Zustand  der  Botanik  auf  Japan,  etc.  Bonn 
1829.     26  pp.  2  tal. 

"4.  Erwiederung  auf  W.  H.  de  Vrieses  Abhandlimg:  Het  Gezag  van 
Kaempfer,  Thimberg,  Linnaeus  en  anderen  etc.  Leipzig,  Voss  und  Fr. 
Fleischer  1837.    8.  19  pp.  app. 

"5.  Siebold:  Flora  Japonica,  sive  Plantae,  quas  in  imperio  japonico 
coUegit,  descripsit,  ex  parte  in  ipsis  lods  pingendas  curavit.    Ccaaturia 

^TraiUBctkms  ci  the  Royal  Horticultural  Society  of  London,  voL  VI,  p.  306.    London,  1836. 
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p^nmsL  1835  (Fasc.  I-XX);  Centuria  altera  1 842-1 844  (Fasc.  I-X);  Lipsiae, 
Leopold  Voss. 

"  The  following  introductions  by  von  Siebold,  as  listed  in  his  catalogues, 
are  furnished  the  writer  by  E.  Th.  Witte,  Horttdanus  of  the  Botanic 
Garden  at  Leiden: 

1863 

Malus  spectabilis  Desf .  var.  chin. 

Malus  spectabiUs  var.  jap. 

Malus  SpectabiUs  var.  jap.  semipL 

Malus  Ringo  Sieb. 

Malus  (Sorbus)  Toringo  Sieb. 

Malus  Toringo  var.  major 

Malus  (Sorbus)  floribunda  Sieb. 

Malus  (Sorbus)  pendida  Sieb. 

Pyrus  communis  var.  div.  japonic. 

1866 
Malus  Toringo  Sieb.  var.  edtdis 

1867 
Malus  edulis 

Malus  (Sorbus)  floribunda  Sieb.  fructubus  flavis 
Malus  spectabilis  japonica  Kaido 
Malus  spectabilis  japonica  semiplena 

1869 
Malus  floribtmda  pendula  Sieb. 

1873 
Pyrus  communis.Linn.  var.  Sieboldii 
Pyrus  communis  Linn.  var.Mad.  von  Siebold 

Simon  Louis  Freres, — "Among  other  important  importers  of  Oriental 
fruits  the  firm  of  Simon  Louis  Frferes,  of  Metz,  Alsace-Lorraine,  should 
be  noted.  The  writer,  while  in  Europe  some  four  years  ago,  took  occasion 
to  visit  this  nursery  and  was  given  access  to  its  records.  It  was  found 
that  Simon  Louis  Frferes  procured  the  Mikado  variety  from  von  Siebold 
in  1873.  In  the  same  year  the  variety  Siebold  (Madame  von  Siebold)  was 
obtained  from  the  same  source. 

"  Among  the  varieties  introduced  by  Simon  Louis  Frfires  are  Daimyo 
and  Siebold  (Sieboldii) .  Other  varieties  that  this  firm  obtained  directly  from 
the  Orient  are  De  la  Chine,  1871,  and  Chinoise  de  Tigery,  1871.  Simon 
Lfouis  Fr^es  have  grown  a  considerable  nimiber  of  varieties  of  Japanese 
pears  from  seed.  These,  they  find,  in  a  general  way  resemble  the  seedling 
38 
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parent  in  form  of  fruit.    Most  of  them  have  long  stems,  bat  one  or  two 
appeared  with  short  stems  and  these  are  good  enough  for  eating. 

"  The  Oriental  pear,  however,  has  made  little  or  no  headway  in  Fiv  c« 
or  Germany.  Simon  Louis  Frferes  have  not  been  successful  with  Kicfer. 
The  tree  lacks  much  in  vigor,  which  is  a  surprise,  and  it  is  largely  superseded 
by  other  Japanese  sorts.  In  Metz,  and  also  in  France  generally,  Le  Conte 
is  not  used  as  a  stock.  Possibly  this  is  the  cause  of  the  difficulty,  and  if 
he  Cdnte  were  used  as  a  stock  the  results  might  be  much  better." — ^J.  C. 

APPEARANCE  OF  THE  HYBRIDS 

The  first  hybrid  to  appear  in  this  country  was  Le  Conte.  About  the 
year  1846  Major  John  Le  Conte,  a  resident  of  New  York,  had  a  number 
of  fruit  trees  and  other  plants  sent  to  his  niece,  Mrs.  J.  L.  C.  Hardin  of 
Liberty  county,  Georgia,  from  the  nursery  of  Thomas  Hogg.  Among 
other  plants  was  a  tree  of  the  sand  pear,  which  Mr.  Hogg  had  obtained 
from  Ferdinand  Potter,  a  nurseryman  of  Providence,  who  in  his  turn  had 
procured  it  from  the  Prince  Nursery.  Contrary  to  expectations,  the  fruit 
proved  to  be  much  better  than  the  Sha  Lea  (Chinese  Sand)  pear  as 
known  up  to  that  time.  The  variety  was  given  the  name  '*  Le  Conte,** 
but  its  male  parentage  will  never  be  known.  It  has  been  said  to  have 
been  Bartlett,  but  this  statement  lacks  good  authority.  The  fact  is 
that  this  variety,  like  other  so-called  hybrids,  may  not  be  a  hybrid  at  all 
but  merely  a  sport  or  seedling  variation.  The  species  has  a  marked 
tendency  toward  variation,  and  it  is  not  necessary,  therefore,  to  suppose 
that  Le  Conte  was  the  result  of  hybridizing. 

For  many  years  Peter  Kieffer,  of  Roxborough  (near  Philadelphia),  grew 
the  Sha  Lea  pear  and  sold  the  seedlings  as  ornamental  trees.  It 
happened  that  some  Bartletts  were  growing  near  the  sand  pear  trees,  and 
the  branches  of  the  two  kinds  were  allowed  to  intermingle.  He  noticed 
that  one  of  his  seedlings  possessed  different  foliage  from  the  remainder, 
and  this  he  saved.  This  tree  fruited  in  1873,  producing  a  considerable 
crop  of  large  and  beautiful  pears.  These  were  first  exhibited  at  the 
Centennial  Exposition  in  1876  and  were  given  the  name  **  Kieffer.*' 

Garber  was  produced  by  Dr.  J.  B.  Garber,  of  Coltunbia,  Lancaster 
county,  Pennsylvania,  who  died  about  1885.  This  variety  originated 
from  seed  of  the  Sha  Lea  pear,  and  was  put  on  the  market  in  1880 
by  William  Parry. 

In  1854  S.  F.  Smith,  of  Marietta,  Ohio,  received  from  New  York  a  pear 
tree  of  the  Oriental  t3rpe  called  Cindnds.  Near  the  place  where  he 
planted  it  was  a  small  orchard  of  common  pears,  among  others  the  Bart- 
lett, Seckd,  Flemish,  and  Angotdeme.  He  planted  seed  from  the  Cin- 
dnds tree  and  fruited  a  large  number  of  seedlings.    A  few  spedxnens 
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were  sent  to  D.  M.  Dewey,  of  Rochester,  with  the  request  that  he  name 
them  and  have  plates  made  of  them.  He  suggested  the  following  names 
for  different  seedlings:  Smith's  Hybrid,  Dewey  Premiimi,  Commodore 
Perry,  Smith's  Marietta,  Admiral  Farragut,  and  Cincinnatus.  Mr.  Smith 
was  one  of  the  first  nurserymen  to  raise  and  offer  for  sale  the  new  race 
of  pears. 

Although  there  are  other  Oriental  hybrids,  they  are  not  of  much 
importance,  nor  do  the  facts  concerning  their  origin  possess  so  much 
historical  interest  as  do  those  of  the  hybrids  named  above. 


Fig.  149. —  Original  tree  of  Cincincis  pear,  nearly  sixty  years  old,  at  the  home  of 
S,  F.  Smith,  Marietta,  Ohio 


STATUS  IN  THE  POMOLOGY  OP  THE  UNITED  STATES 

Importance  of  the  hybrids  in  the  pear-growing  industry  of  the  country 
Soon  after  the  Civil  War  the  planting  of  Le  Conte  was  begun  in  the 
Southern  States,  especially  in  Georgia,  and  the  area  of  its  cultivation 
spread  with  remarkable  rapidity.  The  inability  to  grow  the  common 
varieties  of  pears  throughout  this  whole  region,  together  with  the  imprece- 
dented  vigor  of  growth,  productivity,  and  beauty  of  fruit  of  Le  Conte, 
gained  for  it  an  instant  popularity.  Large  orchards  were  set  out,  and 
the  fruit,  which  proved  to  be  a  good  shipper,  brought  high  prices  in  the 
northern  market.  But  unfortunately  the  deadly  destroyer,  fire  bUght, 
penetrated  into  the  trees  and  in  a  few  years  had  swept  away  many 
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In  the  meantime  Kieflfer  had  been  more  slowly  gaining  recognition  in 
the  North.  On  the  failure  of  Le  Conte  in  the  South  the  planting  of 
Kieffer  was  begun  in  that  region  also,  and  for  a  long  time  it  was  thought 
to  be  less  subject  to  blight  than  was  Le  Conte.  Later  experience,  how- 
ever, seems  to  indicate  that  the  two  varieties  are  about  equally  subject 
to  this  disease.  In  the  period  between  1880  and  1890  plantings  of  Kieffer 
were  made  in  great  nimibers.  The  niirseries  were  taxed  to  their  utmost 
capacity  in  the  propagation  of  this  variety,  which  often  sold  considerably 
above  the  prices  usually  obtained  for  standard  varieties.  A  typical 
example  of  its  importance  was  shown  by  a  Missouri  nurseryman's  offering 
for  sale  50,000  Kieffers  and  25,000  Garbers  in  a  total  of  100,000  pear 
trees.  Large  orchards,  many  of  them  of  one  hundred  acres  or  more, 
were  planted,  and,  according  to  the  census  returns  of  1900,  to  the  Kieffer 
may  be  attributed  perhaps  ninety  per  cent  of  the  increase  in  pear  trees 
in  this  country  during  the  preceding  decade.  There  are  probably  more 
trees  of  this  variety  than  of  any  other  in  the  United  States  to-day. 
Although  Bartlett  is  the  most  extensively  grown  pear  on  the  Pacific 
coast,  where  it  represents  nearly  ninety  per  cent  of  the  pears  grown, 
Kieffer  is  by  far  the  most  important  variety  in  the  entire  coimtry  east  of 
the  Rocky  Moimtains. 

Statistics  of  pear-growing  in  1890  and  1900 

The  number  of  pear  trees  of  all  varieties  in  1900  in  the  ten  most  impor- 
tant pear-producing  States,  together  with  the  yield  of  fruit  for  the  year 
1899,  is  here  given.  The  figures  for  1890  also  are  shown.  It  is  seen 
that  New  York,  which  had  by  far  the  largest  nimiber  of  trees  m  1890, 
had  dropped  to  second  place  in  1900. 


States 

Number  of  trees 

Number  of  bushels 

Percentage  of 
increase 

1900 

1890 

1899 

1890 

Trees 

Bushels 

United  States. . . . 

17,716,184 

5.115.055 

6.625,417 

3.064,375 

246.4 

116. 2 

California 

New  York 

Michigan 

Texas 

2,512,890 

2,183,909 

1,187,110 

1,044,680 

926,117 

921,412 

868,184 

8i5»349 

795.551 

690,483 

695.738 

1,173,206 

270,482 

37.370 
274.015 
353.232 
204.579 
325.062 

84,067 
274.543 

1,912,825 
960,170 
170,702 
166,418 
790,818 
244.565 
231.713 
434.177 
133.745 
301.702 

577.444 

588.767 

194.099 

17.034 

80,664 

279.831 

157.707 

144.534 

57.090 

60,292 

261.2 
86.1 
338.9 
2,695.5 
238.0 
160.9 

324  4 
150.8 

846.3 

151. 5 

231.3 

63.1 

— 12.1 

877.0 

New  Jersey 

Ohio 

880.4 
—12.6 

TnHiana.    

46.9 
200.4 

134  3 
400.4 

P«msylvania 

Illinois 

Maryland 
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The  average  number  of  pear  trees  per  farm  in  1900  and  the  average 
number  of  bushels  of  fruit  per  farm  in  the  nine  localities  most  important 
in  this  regard,  are  as  follows: 


Number  of 

trees  per 

farm 


Number  of 

bushels  of 

fruit  per 

farm 


Delaware 

California 

Colorado 

New  Jersey 

Distnct  of  Columbia 

Arizona 

Maryland 

Utah 

Idaho 


147.7 
141. o 
139.0 
96.8 
74.5 
55.7 
49.3 
45.8 
36.3 


58  5 
105.8 
15.8 
82.6 
31.2 

23.0 
21.6 

II. 8 
7.1 


Fio,  150.—  Kieffer  p9an" 
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The  States  of  Maryland,  Delaware,  New  Jersey,  and  Pennsylvania 
'  (in  its  eastern  part)  constitute  the  greatest  pear-growing  region  of  equal 
area  in  the  United  States,  and,  of  these  four  States,  New  Jersey  is  the 
largest  producer.  Statistics  of  production  for  this  State,  therefore,  give 
some  idea  of  the  relative  importance  of  the  hybrid  varieties  in  this  whole 
r^on  as  compared  to  the  common  varieties.  As  the  result  of  an  inquiry 
made  in  1899  by  the  New  Jersey  Agricultmal  Experiment  Station  for 
the  purpose  of  determining  the  most  profitable  and  desirable  varieties  of 
pears  for  commercial  planting  in  the  State  of  New  Jersey,  the  order  of 
preference  was  as  follows:  Kieffer,  Bartlett,  Le  Conte,  Angouleme,  Seckel, 
Lawrence.  Of  the  orchard  area  represented  by  this  report,  which  is 
probably  a  fair  average  for  the  whole  State,  68  per  cent  was  set  to  Kieflfer 
and  24  per  cent  to  Bartlett,  leaving  8  per  cent  for  all  the  other  varieties. 
At  the  time  of  this  inquiry  in  1899  there  were  approximately  5,650 
acres  in  the  State  devoted  to  commercial  pear-growing,  thus  giving 
to  the  819  growers  an  individual  average  of  6.9  acres. 


Statistics  of  pear-growing  in  19 10 
The  following  table  shows  a  marked  decrease  in  the  number  of  trees. 
New  York  again  takes  the  lead  among  pear-growing  States,  exchanging 
places  with  California. 


States 

Number  of  trees 

Number  of  bushels 

Percent- 
age of 
decrease 

Percent- 
age of 
increase 

1910 

1900 

1909 

1899 

Trees 

Bushels 

United  States 

15,172,000 

17.716,184 

8,841,000 

6,625,417 

14.4 

33  4 

California 

New  York 

Michigan 

Texas 

1,411,000 
2,142,000 
1,136,000 
558.000 
732,000 
899,000 
709,000 
797.000 
786,000 
541.000 
450,000 
243.000 
105.000 
263,000 

2,512.890 

2,183,909 

1,187,110 

1,044,680 

926,117 

921,412 

868,184 

815.349 

795,551 

690,483 

395.000 

139.000 

73.000 

385,000 

1,928,000 

1.343.000 

666,000 

111,000 

463,000 

375.000 

320,000 

379.000 

249,000 

367,000 

105,000 

84,000 

66,000 

150,000 

1,912  825 

96c. 170 

170,702 

166,418 

790,818 

244.565 

231.713 

434.177 

133.745 

301,702 

156,000 

26,000 

20,000 

49,000 

43.8 

1.9 

4.3 

46.6 

21.0 

18.3 

2.2 

1.2 

21.6 

+  139 

+74. « 

+43.8 

31.7 

0.8 

39  9 
290.2 

—33.3 

—41.5 

53.3 

38- 1 

—12.7 

86  2 

New  Jersey 

Ohio 

Indiana 

Pennsylvania 

Illinois 

Maryland 

Delaware 

North  Carolina... 
South  CaroUna... 
Georgia 

21.6 

—32.7 
223.1 
230.0 
206  I 

Decrease  in  number  of  trees  of  bearing  age 
In  the  census  of  1900,  taken  as  of  June  i,  there  were  reported  17,716,000 
pear  trees  of  bearing  age,  as  against  15,172,000  trees  in  1910  (census 
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taken  as  of  April  15),  a  decrease  of  2,544,000  trees,  or  14.4  per  cent*  In 
1910  there  were  1,276,366  farms  reporting  pear  trees  of  bearing  age,  or 
20.1  per  cent  of  the  total  number  of  farms  in  the  United  States.  The 
average  number  of  bearing  pear  trees  per  farm  reporting  is  given  as  12. 
No  report  was  obtained  in  1900  showing  the  number  of  farms  on  which 
were  pear  trees  of  bearing  age. 

Nor  did  the  returns  of  the  census  of  1900  give  the  niunber  of  trees 
under  bearing  age.  In  1910,  however,  611,788  farms  (or  9.6  per  cent  of 
the  total  nungiber)  had  8,804,000  trees  not  of  bearing  age,  or  an  average 
of  14  trees  per  farm. 

Increase  in  production 
The  last  census  shows  that  in  1909  there  were  produced  in  the  United 
States  8,841,000  bushels  of  pears,  having  a  total  value  of  $7,911,000. 
The  production  at  that  time  was  somewhat  greater  than  it  was  ten  years 
previously,  when  6,625,000  bushels  were  gathered.  The  reports  of  the 
census  of  1900  give  no  information  as  to  the  value  of  pears. 

Range  of  adaptability 

Kieffer  finds  a  congenial  home  throughout  all  the  Southern  States, 
where  it  grows  to  perfection,  although  its  greatest  susceptibility  to  bUght 
in  that  region  as  compared  with  such  susceptibility  in  the  Northern  States 
has  restricted  its  area  to  some  extent.  It  is  grown  successfully  as  far 
south  as  the  northern  line  of  Florida,  and  even  in  the  northern  part  of 
that  State.  Its  thick,  leathery  foliage  and  general  resistance  to  drought 
and  heat  enable  it  to  withstand  the  hot,  dry,  simny  weather  of  the  South. 
It  is  grown  in  large  quantities  as  far  north  as  the  latitude  of  New  Jersey 
and  Missouri.  In  the  latter  State  it  was  reported  in  1893  to  be  more 
common  than  all  other  varieties  combined.  North  of  this  latitude  and 
east  of  Lake  Michigan  the  variety  is  profitably  grown  in  certain  regions 
that  are  well  adapted  to  it  in  climate  and  soil,  the  season  being  too  short 
in  many  places  for  it  to  develop  as  fine  a  flavor,  color,  and  size  as  in  the 
South. 

In  parts  of  western  New  York,  in  the  Hudson  River  valley,  and  on 
Long  Island,  Kieffer  is  profitably  grown;  but  it  is  probable  that  in  this 
State  there  are  other  localities  where  it  has  been  planted  of  late  years, 
which  will  prove  to  be  ill  adapted  to  the  variety.  If  the  common  varieties 
grow  better  in  such  places  it  may  be  desirable  to  top-graft  the  Kieffer  to 
Bartlett  or  to  others  of  the  common  sorts.  There  has  been  much  dis- 
cusaon  of  late  years  as  to  whether  the  common  varieties  can  be  top- 
worked  on  the  hybrids,  and  as  this  is  a  question  of  much  importance  to 
pear-growers  in  this  State  it  wiU  be  considered  later. 
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West  of  Lake  Michigan,  on  the  gr^t  prairies  north  of  the  fortieth 
parallel,  pear-growing  is  not  a  profitable  industry  because  of  the  rigorous 
winters.  In  Colorado,  California,  and  the  Pacific  Northwest,  the  hybrids 
can  be  grown  with  success,  but  most  of  the  plantings  in  these  States  are 
of  the  common  varieties. 

The  area  of  Le  Conte  is  similar  to  that  of  Kieffer.  except  that  it  does 
not  seem  to  be  suited  to  regions  so  far  north.  Garber  is  grown  more 
extensively  in  the  Middle  Western  States  than  elsewhere,  in  some  places 
to  as  great  an  extent  as  Klieffer;  but  there  is  no  evidence  that  it  will  not 
succeed  equally  well  in  the  East. 


Fig.  151. —  Garber  pear 


In  regard  to  soil  and  locality,  although  the  hybrids  thrive  on  almost  any 
soU  that  is  not  too  wet  they  reach  their  greatest  perfection  in  light,  well- 
drained  soils  and  on  high  or  sloping  sites  where  the  air  drainage  is  good. 
As  a  rule,  the  hybrid  pears  dc  l^^est  in  those  localities  where  peaches 
succeed  well. 

Conditions  affecting  quality 

When  the  hybrid  pears  were  first  being  introduced,  many  diverse 
reports  were  current  regarding  their  quality.  Some  of  the  best-known 
fruit-growers  in  the  country  reported  that  they  were  of  fairly  good 
quality  —  not  so  good,  of  course,  as  Seckel  or  Bosc,  but  fairly  comparable 
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with  Angouleme  and  Vicar;  while  other  growers  were  bitter  in  their  dentin* 
dation  of  these  varieties.  The  president  of  one  of  the  state  horticultural 
societies  even  went  so  far  as  to  declare  with  much  positiveness  that  he 
would  rather  eat  a  chip  from  the  woodpile  than  a  Kieffer  pear!  This 
difference  of  opinion  attests  to  the  great  variation  in  quality  of  the  hybrids 
as  grown  under  different  conditions.  When  grown  tmder  tmfavorable 
conditions  the  flesh  is  hard  and  coarse,  with  little  of  the  real  pear  flavor 
but  having  a  raw,  immature,  add-like  taste.  At  their  best  the  pears 
lose  this  aridity,  which  is  transformed  to  a  rather  agreeable  quince-Iike 
flavor  or  spiciness,  tasting  more  like  the  European  varieties;  and  they 
are  fairly  juicy. 

Two  of  the  prindpal  factors  governing  quaKty  are  the  time  of  piddng 
and  the  subsequent  ripening  process.  Furthermore,  if  the  glowing 
season  of  the  locality  in  which  the  tree  is  situated  is  too  short»  the  fruit 
wiU  not  reach  full  mattuity  and  will  be  lacking  in  quality.  Fruit  takea 
from  trees  grown  under  neglect  is  often  small  and  knotty. 

The  tendency  of  trees  of  these  varieties  to  over-bear  is  also  a  cause  of 
decrease  in  quality  of  fruit.  On  few  kinds  of  fruit  trees  does  thinning 
seem  to  pay  so  well  as  it  does  on  hybrid  pears.  If  proper  thinning  is  prao* 
ticed,  the  fruit  is  improved  in  size,  color,  and  flavor  and  amply  rewards 
the  grower  for  the  extra  labor.  K  the  fruits  are  removed  so  that  those 
remaining  are  spaced  about  right  inches  apart  over  the  tree,  the  results 
will  be  satisfactory. 

Yields  and  profits 

This  is,  of  course,  an  exceedingly  variable  factor.  Not  only  does  one 
year  differ  from  another  and  one  region  from  another,  but  also  in  the 
same  region  very  different  results  will  be  obtained  by  different  growers, 
depending  on  the  soil,  on  the  location,  and  esperially  on  the  care  given 
in  regard  to  cultivation,  priming,  spraying,  and  methods  of  marketing. 
As  a  result  of  an  inquiry  into  the  pear-growing  industry  of  the  State  of 
New  Jersey  in  1899,  made  by  the  New  Jersey  Agriculttiral  Experiment 
Station,  it  devdoped  that  sixty  per  cent  of  the  commercial  growers  of  the 
State  mentioned  Kieffer  as  their  most  profitable  variety  and  sixteen  per 
cent  named  Bartlett.  The  yidds  of  all  varieties  of  pears  in  that  State  for 
the  three  years  previous  to  1899  ranged  from  x  to  350  barrels  per  acre, 
with  an  average  of  83.Z  barrels.  The  season  of  1899  gave  the  highest 
average  yirid,  99.4  barrels,  and  1898  gave  the  lowest,  68.2  barrds. 
Representing,  as  these  averages  do,  a  large  number  of  orchards  through 
three  years  of  varying  conditions,  they  may  be  taken  as  indicative  of 
yidds  likdy  to  result  in  other  years. 

The  gross  returns  from  the  commercial  pear  orchards  of  New  Jersey 
varied  from  $56.50  to  $1,220  per  acre  during  the  three  years,  with  a 
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general  average  of  $327.49.  The  net  receipts  varied  from  $25  to  $950 
per  acre,  with  an  average  of  $265.45.  These  are  indeed  very  good  returns, 
but  it  must  be  remembered  that  these  figures  represent  the  high  tide  of 
the  hybrid  varieties,  when  they  brought  better  prices  than  they  have  in 
the  last  few  years.    Net  returns  of  late  years  have  been  somewhat  vari- 


FiG.  152. —  Sikaya  pear  tree 

able.  In  some  years  it  hardly  pays  to  pick  and  market  the  crop;  in  other 
years  the  crop  yields  a  fairiy  good  profit.  The  president  of  the  New 
Jersey  State  Horticultural  Society,  in  his  annual  <.«ddress  in  January, 
1907,  said  that  Kiefler  was  still  the  most  profitable  pear  to  grow  in  that 
State,  ail  things  considered.  The  general  pear  crop  for  the  preceding 
year,  he  stated,  was  nearly  a  failure,  while  the  Kieffer  crop  was  heavy. 
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When  sold  at  canneries  the  price  is  often  as  low  as  15  or  20  cents  per 
basket  containing  five  eighths  of  a  btishel,  and  25  to  30  cents  is  considered 
a  good  price.  As  given  above,  the  average  yield  in  New  Jersey  for  three 
years  was  83.1  barrels,  or  practically  400  baskets.  In  well-cared-for 
orchards  the  yield  is  sometimes  as  high  as  1,000  baskets  per  acre.  ILthe 
pears  are  of  good  quality,  more  money  can  often  be  made  from  them  by 
placing  them  on  the  market  than  by  sending  them  to  a  cannery,  especially 
if  the  grower  has  access  to  a  good  local  market. 

Decreasing  demand, — Within  the  past  two  or  three  years  the  demand 
for  the  hybrid  varieties  has  diminished  to  a  marked  extent  and  much 
less  planting  has  been  done.  A  reliable  nurseryman  estimates  that  the 
plantings  of  Kieffer  on  the  eastern  coast — in  Delaware  and  eastern  Mary- 
land— have  fallen  off  fifty  or  seventy-five  per  cent  in  the  last  three  years, 
which  is  doubtless  fairly  representative  of  the  rest  of  the  country;  and 
this  has  been  in  the  face  of  a  smaller  output  of  pears  from  California, 
due  to  the  destruction  wrought  by  bUght  in  that  State.  The  probable 
status  of  these  varieties  in  the  futtu^  is  a  question  with  which  every 
grower  should  concern  himself  before  setting  out  an  orchard.  As  the 
prices  now  obtained  i^  the  fruit  are  very  low  in  some  years,  there  is  a 
possibility  that  these  orchards  will  become  poor  property.  On  the  other 
hand,  it  is  more  than  possible  that  the  demand  for  these  pears  wiU  increase 
when  their  real  value  becomes  more  generally  recognized.  It  must  also 
be  borne  in  mind  that,  becaxise  of  the  great  yielding  capacity  and  the 
small  cost  of  production,  the  grower  may  be  making  a  fair  profit  evwi 
with  very  low  prices  ruling.  If  the  grower  is  located  near  a  cannery  or 
a  good  local  market,  the  chances  of  his  getting  good  returns  from  these 
pears  are  greatly  increased.  Ntmierous  growers  living  in  the  East  have 
recently  expressed  themselves  as  being  more  willing  to  plant  the  hybrids 
than  the  common  varieties.  One  thing  appears  to  be  fairly  certain, 
however,  and  that  is  that  these  pears  must  be  confined  to  the  localities 
to  which  they  are  best  suited;  that  is,  where  they  may  be  grown  at  min]- 
mum  cost  and  of  maximum  quality. 

Moreover,  greater  care  must  be  exercised  in  the  matter  of  grading, 
packing,  and  marketing  the  fruit.  The  practice  of  sending- the  poor 
fruit  along  with  the  good,  with  little  or  no  attempt  at  systematic  grading, 
is  very  detrimental  to  the  interests  of  the  grower.  In  all  cases  the  separa- 
tion of  the  fruit  into  two  or  more  grades  will  more  than  pay  for  the  labor 
expended,  and  very  often  the  better  fruit,  packed  and  sold  alone,  will 
bring  better  returns  than  the  entire  crop  if  packed  without  any  grading. 
If  the  orchard  is  properly  located  and  careftilly  managed,  it  will  no  doubt 
be  a  profitable  piece  of  property. 
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Picking 
The  hybrids  must  be  picked  while  green  and  ripened  off  the  tree,  in 
order  to  be  of  any  commercial  value.    If  they  are  allowed  to  remain 


Fig.  153.—  Kieffer  pear,  natural  size 
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on  the  tree  until  fully  ripe,  the  part  around  the  core  becomes  a  mass  of 
hard,  woody  matter  and  the  flesh  is  dry  and  mushy.  But  if  the  fruit 
is  picked  when  it  has  reached  full  size,  or  even  a  little  before,  axid  is 
ripened  in  bulk,  it  becomes  uniformly  soft  and  juicy,  with  a  flavor  that 
ahnost  warrants  its  being  considered  dessert  fruit.  The  hybrids  should 
be  picked  six  to  twelve  days  before  they  would  ripen  nattu^y  on  the 
tree,  the  date  varying  with  the  variety,  season,  tempenature,  and  manner 
in  which  they  are  to  be  marketed.  As  a  general  rule,  the  change  in  color 
from  a  dead  green  to  a  clearer,  lighter  green,  which  is  known  to  all  pear- 
growers,  indicates  that  the  time  for  picking  is  at  hand.  Anojlier  indica- 
tion is  seen  when,  on  the  fruit's  being  taken  hold  of  and  gently  lifted, 
the  base  of  the  stem  parts  fairly  easily  from  the  twig. 

Varieties  ripening  in  hot  weather,  such  as  Le  Conte,  should  be  picked 
at  an  earlier  stage  in  the  ripening  process  than  should  later-maturing 
ones,  and  southern  fruit  should  be  picked  earlier  than  northern.  It  is 
often  best,  especially  with  simimer  varieties,  to  pick  the  trees  over  two 
or  three  times,  although  this  is  not  necessary  if  the  fruit  has  been  properly 
thinned  earlier  in  the  season.  But  if  the  trees  are  bearing  a  very  large 
crop,  not  only  are  they  relieved  of  a  heavy  weight  by  an  early  picking, 
but  also  the  fruit  that  is  left  swells  to  a  much  larger  size. 

There  is  an  additional  advantage  in  picking  the  hybrids  in  this  manner, 
in  that  it  lengthens  the  season  and  thus  better  enables  the  market  to 
absorb  the  crop;  so  that  by  marketing  the  first  picking  immediately 
and  puttingjthe  last  picking  in  cellars  or  in  common  storage,  the  fruit 
can  be  marketed  over  a  period  of  ten  weeks  without  cold-storage.  If  it 
is  intended  that  the  crop  be  put  in  cold-storage,  most  growers  place  it 
there  as  soon  as  possible  after  harvesting. 

Marketing 
It  is  a  source  of  wonder  to  many  persons,  as  to  where  the  large  numbers 
of  hybrids  are  consumed.  A  considerable  percentage  of  them  are  used 
in  the  canning  industry,  which  will  be  spoken  of  later.  Southern  Le 
Contes  appear  in  the  markets  in  early  July,  several  weeks  before  the 
appearance  of  Califomia  Bartletts.  While  of  mediiun  quality  at  best, 
these  early  Le  Contes  are  appreciated  as  the  only  available  pears  of  the 
season  and  are  used  largely  in  cooking.  They  disappear  from  the  market 
as  soon  as  Bartlett,  Clapp,  and  other  summer  pears  come  in.  Southern 
Kieffers  and  northern  Le  Contes  occupy  the  market  until  the  northern 
Kieffer  crop  is  picked,  about  the  middle  of  September,  and  are  on  sale, 
together  with  other  late  pears,  for  the  rest  of  the  season.  The  hybrids 
possess  an  advantage  over  most  of  the  common  pears  in  being  better 
able  to  stand  transportation  and  rough  handling. 
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The  export  trade  for  this  fruit,  although  not  very  flourishing  at  present, 
seems  to  offer  possibilities  for  the  future.  Shipments  are  made  to  Europe 
each  year,  their  extent  depending  to  a  certain  degree  on  the  demand  for 
them  in  our  own  markets.  When  the  price  is  low  in  this  cotmtry  large 
shipments  are  made  to  English  cities,  which  seem  to  be  the  best  foreign 
markets  for  this  fruit.  The  price  that  they  bring  there  is  dependent  on 
the  supply  of  all  kinds 
of  fruit  on  sale  at 
the  same  time.  The 
supply  of  French 
pears,  especially,  is  an 
important  factor  in 
determining  price. 

Cold-storage 

Cold-storage  has 
wrought  a  great 
change  in  the  pear 
industry,  as  well  as  in 
that  of  all  other  kinds 
of  fruit.  The  length 
of  time  that  pears  may 
be  kept  in  cold- 
storage  depends,  in 
the  first  place,  on  the 
variety  and  its  time 
of  maturity.  Kieffer 
and  other  hybrids  may 
be  held  |  longer  than 
the  common  kinds, 
and  summer  pears  cannot  be  held  so  long  a  time  as  winter  varieties. 
The  hybrids  can  be  kept  in  cold-storage  as  successfully  as  can  most 
kinds  of  winter  apples,  if  proper  precautions  are  observed  in  handling 
them.  The  fruit  should  be  stored  as  soon  as  possible  after  picking, 
since  delay  may  cause  it  to  become  overripe  after  it  is  placed  in  the 
cold-storage  house. 

The  best  temperature  for  pears  in  storage  is  32**?.  if  it  is  desired  to  hold 
them  for  a  considerable  length  of  time;  but  if  it  is  intended  to  ripen  them 
in  storage,  the  temperature  may  be  raised  to  36®  or  40®  or  even  higher. 
Pears  should  be  stored  in  packages  from  which  heat  will  quickly  radiate; 
fruit  in  tightly  closed  barrels  will  often  become  overripe  before  it  has 
cooled  down.    Often  such  packages  will  contain  in  the  center  fruit  that 


Fig.  154. —  Cincincis  pear 
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has  ripened  much  faster  than  that  on  the  outside,  which  is  more  true  of 
summer  than  of  winter  varieties.  A  paper  wrapper  around  each  pear  will 
prolong  its  life  by  protecting  it  from  bruising,  lessening  the  tendency  to 
wilt  and  decay,  and  keeping  it  bright  in  color,  but  this  practice  is  not  very 
common  with  the  hybrids. 

The  air  of  the  storage  room  should  be  kept  fresh  by  proper  ventilation. 

It  is  best  to  place  in  cold-storage  only  the  highest  grades  of  fruit;  that 
which  is  imperfect  or  bruised,  or  has  been  handled  badly  in  any  way. 
does  not  keep  well  and  cannot  be  stored  profitably. 


Fig.  155. —  The  peach-basket  is  commonly  used  for  OrienUU  pears  in  Maryland, 
Delaware,  and  New  Jersey 


Packages 

The  packages  used  for  pears  vary  widely  in  different  regions  of  the 
country.  The  peach-basket  is  common  for  delivering  the  crop  to  canneries 
in  Maryland,  Delaware,  and  New  Jersey.  This  usually  goes  tmder  the 
name  "  five-eighths  basket,"  but  very  few  of  the  baskets  contain  as  much 
as  five  eighths  of  a  bushel.  With  a  slat  cover  this  basket  is  used  also 
in  shipping  to  market  from  the  region  named.  In  some  respects  it  is 
the  poorest  of  all  packages,  except  where  the  grower  can  haul  the  fruit 
directly  to  his  market  or  where  a  car  can  be  fiUed  by  packing  it  tightly 
with  these  baskets.  The  half-barrel  basket,  or  hamper,  is  sometimes 
used  in  this  region,  also  the  seven-eighths  braced  basket  with  cover. 
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The  bushel  box  is  tised  to  some  extent  by  growers  of  hybrid  pears,  but 
not  so  much  as  for  the  fancy  grades  of  common  pears.  Another  package 
is  the  barrel  made  especially  for  the  pear  trade,  holding  two  and  one  fourth 
bushels;  the  r^^ular  apple  barrel  also  is  much  in  use.  In  some  localities 
hybrid  varieties  ^re  shipped  in  bulk  by  dealers,  but  this  is  a  poor  way  and 
is  almost  sure  to  result  in  much  damage  to  the  fruit.  It  is  well  for  the 
grower  to  consult  the  commission  man  in  the  market  to  which  he  expects 
to  ship,  in  r^^ard  to  the  package  most  acceptable  there. 

Canning  and  evaporating 

Although  the  quality  of  the  hybrids  at  their  best  is  only  ordinary 
when  used  for  dessert  purposes,  they  are  much  improved  if  cooked.  This 
fact  has  led  to  the  buildix^  up  of  a  large  business  in  canning  these  pears. 
Before  1885  the  canning  of  pears  was  of  slight  importance  compared 
'  with  that  of  other  fruits  and  vegetables,  partly  because  of  the  fact  that 
Bartlett,  the  variety  most  used  at  that  time  for  the  purpose,  ripens  at  a 
season  when  the  canneries  are  running  at  their  full  capacity  with  peaches, 
tomatoes,  and  other  products  that  require  quick  handling.  To  work 
with  the  Bartlett,  therefore,  would  be  at  the  expense  of  other  equally 
perishable  fruits  and  vegetables.  The  hybrids,  however,  and  especially 
Kieffer,  have  many  of  the  desirable  canning  qualities  of  the  Bartlett  and 
in  addition  an  advantage  as  to  season.  Since  Kieffer  comes  into  the 
market  after  peaches  and  tomatoes  have  passed  and  can  be  held  until 
December  in  common  storage,  the  canneries  can  give  it  their  entire 
attention  and  thus  extend  their  season  a  month  or  two. 

What  becomes  of  the  thousands  of  baskets  of  these  pears  that  are  sold 
to  canneries  is  to  some  persons  something  of  a  mystery,  since  the  word 
"  Kiefifer "  is  seldom  seen  on  the  cans.  But  when  one  realizes  that 
practically  every  canning  establishment  has  been  canning  Eefler  tmder 
the  name  of  Bartlett  or  under  no  name  at  all,  the  wonder  is  not  so  great. 
It  is  said  that  up  to  the  year  1900  only  one  firm  in  the  coimtry  had  the 
courage  to  put  the  name  "  Kiefifer  **  on  the  cans  of  that  variety.  Surely 
this  firm  is  entitled  to  great  respect  for  its  honesty  and  for  the  missionary 
work  that  it  has  done  in  raising  this  fruit  in  the  popular  esteem.  Indeed, 
the  hybrid  varieties  are  in  some  respects  superior  to  Bartlett  for  canning 
purposes.  Bartletts  do  not  hold  their  shape  for  so  long  a  time  as  do  the 
hybrids.  It  is  of  importance  to  note  that  the  writer  has  been  informed 
by  a  member  of  the  Board  of  Food  and  Drug  Inspection  of  the  United 
States  Department  of  Agriculture,  that  in  his  opinion  the  sale  of  Kieffer 
pears  as  Bartletts  would  be  a  deception  and  would  be  in  violation  of  the 
Food  and  Drugs  Act,  although  no  case  covering  this  point  has  yet  been 
passed  upon. 

39 
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In  regard  to  the  extent  of  the  industry,  in  1899  there  were  49,902,216 
pounds  of  pears  canned  in  the  United  States,  valued  at  $2,233,166.  The 
production  of  the  five  principal  States  in  this  respect  was  as  follows: 


State 


Number  ofc 
pounds 


Value 


California. . 
Maryland. . 
New  York. 
Delaware . . 
New  Jersey 


32,329,128 
6,911 ,424 
4.178.592 
2,621,464 
1,760,496 


$1,623,919 

181,358 

226,082 

62.361 

63,356 


Since  the  variety  most  used  for  this  purpose  in  California  is  Bartlett, 
it  is  evident  that  at  present  Bartlett  is  in  the  lead.  Burthermore,  the 
average  value  per  pound  of  the  California  product  is  about  five  cents, 
while  that  of  Maryland,  where  the  Kieffer  is  largely  used,  is  only  two 
and  six  tenths  cents  per  pound.  Although  the  demand  for  canned 
Klieflfers  seems  to  have  weakened  a  little  in  the  last  few  years,  there  is 
likely  to  be  a  fair  call  for  them  in  the  future.  The  fact  that  they  can  be 
produced  at  a  lower  cost  than  is  the  case  with  canned  Bartlett  will  be 
a  strong  factor  in  maintaining  the  demand  for  Kieffer. 

The  evaporation  of  pears  is  a  small  business  in  this  country,  probably 
due  to  some  extent  to  the  fact  that  the  shape  of  the  pear  does  not  lend 
itself  to  mechanical  peeling  and  coring.  The  fruit  is  usually  cut  in  halves 
or  quarters  and  is  either  sun-dried  or  evaporated,  with  or  without  being 
peeled.  In  some  cases  it  is  subjected  to  a  bleaching  process.  In  1899 
there  were  701,506  poimds  of  pears  dried,  valued  at  $49,279.  Of  this 
amount  California  produced  601,506  pounds,  valued  at  $42,279,  and 
Illinois  100,000  poimds,  valued  at  $7,000.  These  were  the  only  States 
reporting  the  industry  as  existing  within  their  borders.  The  quantity 
of  the  hybrids  evaporated,  therefore,  is  very  small,  but  there  is  no  reason 
why  they  should  not  be  as  well  adapted  to  this  industry  as  are  the 
common  varieties. 

CULTURE 

Pruning 
Of  the  four  principal  practices  in  orchard  management  —  cultivating, 
spraying,  fertilizing,  and  pruning  —  the  first  three  are  essentially  the 
same  for  both  the  hybrids  and  the  European  pears.  In  the  case  of 
pruning,  however,  the  problem  is  different.  Whether  the  hybrids  should 
be  pruned  to  the  pyramidal,  vase-shaped,  or  natural  form,  is  a  question 
best  determined  by  the  personal  preference  of  the  grower.    The  young 
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hybrid  tree  that  receives  no  systematic  annual  pruning  sends  up  long, 
thin,  willowy  shoots.  Fruit  spiu^  fail  to  develop  about  the  crowded 
bases  of  the  shoots,  but  form  on  them  far  out  from  the  trunk.  When  the 
tree  begins  to  bear,  therefore,  as  it  does  when  rather  young,  the  fruit, 
if  not  thinned,  drags  the  branches  out  of  their  natural  vertical  position 
and  often  breaks  them  before  the  crop  is  matured.  But  if  the  branches 
of  the  young  tree  are  kept  well  thinned,  so  that  there  is  an  abtmdance 
of  Ught  and  air  throughout  the  head,  and  if  the  new  growth  is  cut  back 
every  winter  to  within  ten  or  fifteen  inches  of  the  growth  of  the  previous 
year,  fruit  spurs  will  be  formed  close  to  the  trunk  of  the  tree  and  the  fruit 
will  not  bend  nor  break  the  branches.  Thus  a  stocky  growth  is  formed, 
which  during  the  entire  life  of  the  tree  will  enable  it  much  better  to  carry 
its  heavy  loads  of  fruit  without  breaking  the  limbs. 

This  practice  of  shortening  the  annual  growth  of  the  branches  should 
be  continued  for  the  first  six  or  eight  years  of  the  life  of  the  tree,  less 
severely,  however,  toward  the  end  of  this  period,  after  which  it  will  need 
no  more  attention  in  the  way  of  pruning  except  the  removal  of  diseased 
and  interfering  branches.  By  thus  keeping  the  tree  shapely  and  its 
growth  within  bounds,  the  operations  of  cultivating,  spraying,  and 
harvesting  are  greatly  facilitated. 

Propagating  and  dwarfing  the  hybrids 

The  Oriental  pear  and  its  hybrids  may  be  propagated  in  five  ways: 
(i)  on  its  own  roots  by  growing  the  trees  from  cuttings;  (2)  on  Oriental 
seedling  stocks  by  budding  or  grafting;  (3)  on  common,  or  French, 
stocks;  (4)  on  apple  stocks;  (5)  on  quince  stocks.  In  the  last-named 
case,  dwarf  trees  are  produced. 

This  type  of  pear,  unlike  most  tree  fruits,  may  be  propagated  from 
cuttings  in  much  the  same  manner  as  are  grapes  or  bush-fruits.  Cuttings 
do  not  seem  to  root  successfully,  however,  in  any  except  a  few  favored 
localities,  where  the  soil  is  deep  and  rich  and  the  climate  congenial.  This 
method  seems  to  be  confined  to  the  South,  where  a  longer  growing  season 
makes  the  chances  of  success  greater  than  in  other  regions.  Where 
this  method  is  a  success,  it  is  probably  the  cheapest  and  best  way  to 
obtain  these  trees.  Even  under  the  most  favorable  conditions,  however, 
only  a  small  percentage  of  the  cuttings  will  be  rooted,  and  twenty-five 
per  cent  is  considered  a  good  stand.  Probably  not  a  large  niunber  of 
these  trees  are  grown  by  this  method. 

A  few  of  the  Oriental  seedlings  used  as  stocks  are  imported,  but  a  large 
number  are  grown  in  this  country,  many  of  them  from  seed  brought  from 
Japan.  The  seedlings  grown  in  the  Western  States  on  rich  prairie  soil 
make  vigorous,  healthy  trees.    Some  nurserymen  use  them  entirely  as 
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stocks;  they  are  reported  as  being  better  suited  than  are  common  stoda 
for  the  budding  or  grafting  of  the  Orientals  and  the  hybrids. 

Imported  French,  or  common,  stocks,  or  the  same  stocks  grown  in 
this  country,  are  used  exclusively  by  many  nurserymen.    Whenever  the 

Oriental  pears  or  their 
hybrids,  grafted  on 
common  stocks,  are 
planted  deep  enough, 
roots  start  from  the 
scions,  and  the  num- 
ber and  strength  of 
these  roots  is  propor- 
tionate to  the  amount 
of  the  scion  below 
ground.  Thus,  own- 
rooted  trees  are  often 
obtained.  Results  of 
experiments  con- 
ducted at  the  Texas 
Agricultural  Experi- 
ment Station  indicate 
that  if 'the  trees  are 
not  set  deep  enough 
for  the  scion  to  throw 
out  root  systems,  they 
will  be  lacking  in 
vigor  and  will  die 
prematurely.  It  can- 
not be  said  that  this 
has  proved  imiversally 
true  in  other  localities, 
and  as  a  rule  French, 
or  common,  stocks 
seem  to  be  fairly  satis- 
factory. It  would 
seem,  however,  that 
it  is  a   safe  plan  to 


Fig.  156. —  Kieffer  pear  tree  five  years  old,  in  South 
Carolina,  Most  oj  the  fruit  has  already  been  picked 
from  the  tree 


plant  the  trees  suflSciently  deep  so  that  they  can  develop  root  systems 
of  their  own,  partially  or  wholly. 

Apple  seedlings  are  used  but  little  as  stocks  for  Oriental  varieties. 

Although  many  varieties  of  the  common  pears  do  better  when  worked 
on  quince  than  on  common  pears,  it  is  generally  admitted  that  pears  of 
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fhe  Oriental  type  and  fheir  hybrids  are  failures  when  gxx>wn  as  dwarfs. 
It  is  even  believed  by  many  practical  horticulturists  that  if  these  pears 
are  grown  from  buds  or  grafts  taken  from  trees  that  had  been  grown  on 
quince  toots,  fhey  would  be  unsatisfactory.  Ntirserymen  xeoognize  this 
^ct  and  very  few  hybrids  are  worked  on  quince  roots. 

Top-working  the  hybrids 

The  question  as  to  whether  or  not  these  varieties  can  be  top-worked 
to  the  common  sorts  is  one  of  considerable  importance  and  may  become 
more  important,  especially  to  those  growers  who  have  planted  the  hybrids 
where  they  do  not  succeed  well.  The  writer  has  corresponded  with  a 
large  number  of  pear-growers  concerning  this  subject  and  finds  a  con- 
siderable divergence  of  opinion.  Although  some  growers  report  that  they 
have  done  such  top-working  satisfactorily,  a  still  larger^number  do  not 
think  favorably  of  the  practice.  It  is  often  noted  ^t  the  stock  and 
scion  do  not  make  a  perfect  tmion,  which  is  indicated  by  a  restriction  in 
the  bark  at  the  place  where  the  graft  was  made.  The  scions  grow  nor- 
mally for  a  few  years,  but  when  the  tops  become  large  and  heavy  they  are 
likely  to  be  snapped  off  during  windstorms.  There  seems  to  be  enough 
evidence  to  show  that  some  varieties  of  the  common  pears  can  be  top- 
grafted  to  the  hybrids  better  than  others.  It  is  also  probable  that  some 
of  the  hybrids  are  better  suited  for  this  purpose  than  others.  Further- 
more, it  is  probable  that  the  reverse  holds  true  of  top-grafting  the  hybrids 
to  the  common  varieties. 

Later  investigations. — ^"Further  investigations  have  been  made  since  the 
above  was  written.  A  large  number  of  growers  have  found  their  Kieffer 
orchards  tmsatisfactory,  and  to  them  the  possibility  of  top-working  on 
other  varieties  is  an  interesting  and  important  question.  The  general 
opinion  at  present  seems  to  be  that  KHeffer  cannot  be  reworked  success- 
fully. Some  growers  assert  that  scion  and  stock  are  uncongenial  and  that 
neither  does  well  after  imion  is  made.  Others  say  that  the  scion  is  forced 
to  a  vigorous  growth  vrhea  grafted  on  Kieffer,  and  thus  becomes  more 
susceptible  to  blight. 

"  In  1911  the  writer  sent  out  circular  letters  to  a  considerable  number  of 
pear-growers  in  New  York  State,  asking  them  for  their  experience  in 
top-working  Kieffer.  Answers  were  received  from  forty-six  growers,  and 
of  these  growers  only  thirteen  had  had  experience  in  top-working  Kieffer. 
The  data  obtained  from  these  thirteen  replies  are  tabulated  in  Table  i. 
From  this  it  will  be  seen  that  only  five  recommend  Kieffer  as  a  stock,  but 
eight  say  that  the  scions  have  been  productive.  Seven  have  top-worked 
Bartlett  on  Kieffer,  and  only  one  of  these  commends  Kieffer  as  a  stock. 
Seven  have  used  Bosc»  and  three  of  these  commend  Kieffer  as  a  stock. 
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"  In  Table  2  are  tabulated  the  data  obtained  from  a  circular  letter  sent 
out  in  the  spring  of   191 2,  in  continuation  of  this  investigation,  by 


Fig.  157. —  Six-years-old  Kieffer  pear  tree  in  bloom 

T.  Sprague,  Jr.    Fifty-one  of  these  circular  letters  were  sent  to  growers 
in  various  parts  of  the  country,  including  the  States  of  Missouri,  Iowa, 
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Midi^pa,  New  Jersey,  and  New  Ycnrk.  Thirty^fareerepHes  were  received, 
but  of  these  only  twenty-five  were  from  growers  of  Kieflfer  pears  and  only 
nine  of  the  growers  had  had  experience  in  top-working  Kieffer.  Three 
of  the  nine  commend  it  as  a  stock,  and  five  say  that  the  scion  has  been 
prcxiuctive.  Seven  have  tised  Bartiett  in  top-working,  and  two  of  these 
commend  Kieffer  as  a  stock.  Five  have  tised  Bosc,  and  only  one  of 
these  commends  Kieffer  as  a  stock. 

"  In  these  two  tables,  wherever  the  age  is  given  at  which  Kieffer  was 
top-worked,  with  one  exception  all  the  men  who  commend  it  as  a  stock 
have  used  a  two-years-old  tree.  This  fact  seems  to  signify  that  older 
trees  may  not  be  top-worked  successfully. 

**  The  opinions  of  the  twenty-five  growers  of  Kieffer  replying  to  the 
circular  letter  of  19x2  are  about  equally  divided  as  to  planting  it  as  a 
commercial  pear  at  the  present  time:  fourteen  growers  would  so  plant* it 
and  eleven  would  not.  Blight  seems  to  be  the  only  generally  bad  disease. 
Sixteen  of  the  growers  report  blight  in  various  degrees,  while  six  say  that 
the  variety  is  susceptible  to  no  diseases." —  J.  C. 


SELF-STERILITY 

In  West  Virginia  and  Michigan 

The  most  comprehensive  investigation  of  this  question  in  reference  to 
the  Kieffer  pear  has  been  made  by  Dr.  S.  W.  Fletcher,  of  the  Virginia 
Agricultural  Experiment  Station,  in  orchards  in  West  Virginia  and  Mich- 
igan. The  experiments  were  at  once  extensive  and  exceedingly  pains- 
taking. Doctor  Fletcher  says  that  he  was  not  able  to  discover  in  the 
crosses  any  constant  difference  in  size,  form,  or  color  that  coidd  be 
attributed  to  the  pollen  used,  "  except  that  the  self-pollinated  fruits  were 
very  small."  As  results  of  three  years  work  on  self-sterility  of  the  Kieffer 
pear,  Doctor  Fletcher  gives  the  following  averages: 

1,268  blossoms  Kieffer  pollinated  with  IQeffer       gave      5  fruits,  or  i  in  253 

2,363  blossoms  Kieffer  pollinated  with  Bartiett      gave  446  fruits,  or  i  in  5 

448  blossoms  Kieffer  pollinated  with  Le  Conte  gave    62  fruits,  or  i  in  7 

980  blossoms  Kieffer  pollinated  with  Lawrence  gave  173  fruits,  or  i  in  6 

2,764  blossoms  IGeffer  pollinated  with  Angouleme  gave  564  fruits,  or  i  in  5 

732  blossoms  Kieffer  pollinated  with  Anjou         gave  171  fruits,  or  i  In  4 

1,460  blossoms  Kieffer  i>ollinated  with  Clairgeau  gave  532  fruits,  or  x  in  3 

352  blossgms  Kieffer  pollinated  with  Garber       gave    51  fruits,  or  x  in  7 

When  large  trees  of  Kieffer  were  covered  with  muslin  sheeting,  so  that 
pollen  of  other  varietaas  was  oomptoUiy  excluded,  practically  no  fruit 
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set,  and  such  small  specimens  as  did  develop  were  without  viable  seeds. 
Doctor  Fletcher  concludes:* 

'*  I .  In  West  Virginia  and  Michigan,  and  probably  in  other  parts  of  the 
East,  imsatisfactory  results  may  be  expected  from  planting  either  Bartlett 
or  Kieffer  in  large  blocks,  so  that  cross-poUination  by  insects  is  not 
general. 

**  2.  Anjou,  Lawrence,  Duchess,  and  Kieffer,  are  satisfactory  varieties 
for  planting  with  Bartlett,  so  far  as  pollination  is  concerned.  Some  years 
Kieffer  does  not  blossom  simultaneously  with  Bartlett,  but  usually  the 
blossoming  seasons  overlap  sufficiently. 

*'  3.  LeConte,  Garber,  Lawrence,  Bartlett,  Duchess,  Anjou,  and  Clair- 
geau,  are  satisfactory  varieties  for  planting  with  Kieffer,  so  far  as  polli- 
nation is  concerned.  Some  years  the  latter  five  varieties  do  not  blossom 
simultaneously  with  Kieffer,  but  usually  their  blossoming  seasons  overlap 
sufficiently.** 

"  Fletcher's  studies  reveal  the  interesting  observation  that  European 
varieties  of  pears  are  better  pollinizers  for  Kieffer  than  are  Le  Conte  or 
Garber,  members  of  the  Oriental  group.** — J.  C. 

In  some  other  States 

"  The  following  commtmications  describe  clearly  the  present  views  and 
practices  in  the  leading  States  where  Oriental  pears  are  grown.** —  J.  C. 

Maryland. —  "  The  best  practice  in  Maryland  commercial  orchards  is  to 
plant  ninety  per  cent  Kieffer  and  ten  per  cent  Le  Conte  or  Garber. 
Normally,  Kieffer  sets  a  good  crop  of  fruit  without  cross-pollination,  but 
it  blooms  at  an  early  period  when  conditions  are  often  tmfavorable  for 
pollination,  and,  having  a  tendency  toward  self-sterility,  it  seems  advisable 
to  plant  it  with  other  varieties. 

"  There  is  another  point  worth  further  investigation,  and  that  is  the 
tendency  of  fruit  to  grow  larger  when  stimulated  with  pollen  from  certain 
other  varieties.  A  rather  striking  case  came  to  my  attention  this  spring, 
in  which  Seckel  pollinated  with  Anjou  was  noticeably  larger  than  self- 
pollinated  fruits."— W.  R.  Ballard. 

Delaware, —  **  The  practice  of  intermingling  varieties  of  Oriental  pears 
in  planting  varies  considerably  in  Delaware.  When  pollinizers  are  used, 
the  Garber  is  usually  employed  to  pollinate  Kieffers.  (We  are  imable  to 
grow  Bartlett  or  other  European  pears  with  much  success.)  However, 
Kieffer  orchards  planted  solid  are  common,  and  they  seldom  fail  to  set 
a  full  crop.  My  belief  in  the  matter  is  that  on  the  Delaware  Peninsula 
the  Kieffer  is  self-fertile  under  normal  conditions.  However,  I  have 
always  advised  the  planting  of  pollinators  in  order  to  insure  pollination 

*  Pollination  of  BartleU  and  Kieffer  pears.    S.  W.  Fletcher.    Rqvint  from  Annual  Report  of  th« 
^nzymia  AgricoHural  Bxperiment  Statk»,  xgop-xpio. 


Digitized 


by  Google 


47<}  BULLBTIN  339 

when  conditions  are  adverse.  If  the  tiees  aie  healthy,  the  weather  is 
fair,  and  the  bees  are  working  at  blossoming  time,  in  my  opinion  mixing 
of  varieties  is  unnecessary.  However,  as  a  matter  of  insurance,  it  would 
be  best  to  have  a  few  pollinators  in  the  orchard.  I  think  that  you  are 
right  in  regarding  the  problem  as  a  local  one." —  C.  A.  McCue. 

Blight  a  serious  enemy  in  North  Carolina. —  "  On  account  of  the  ravages 
of  blight  in  the  South,  we  are  planting  very  few  pear  trees  and  of  these 
only  the  Oriental  varieties.  This  present  season  pear  blight  has  been  so 
bad  that  it  has  practically  wiped  out  all  neglected  pear  orchards  and  the 
disease  has  spread  in  the  form  of  twig  blight  to  a  great  many  apple  trees. 
For  that  reason  pear-growing  has  practically  become  with  us  a  dead  letter. 

"  Regarding  the  pollination  of  Oriental  pears,  I  have  always  found 
them  to  be  very  productive,  showing  that  they  were  apparentiy  suflSdentiy 
fertile  with  their  own  pollen.  Where  the  blight  does  not  affect  them,  the 
Kieffer  and  Le  G>nte  will  usually  bear  till  they  break  the  trees  down  with 
fruit." — W.  N.  Hutt,  State  Department  of  Agriculture,  Raleigh,  North 
Carolina*, 

BNBMIBS 

Insect  pests 

The  following  are  the  principal  insect  pests  of  pears:  those  injurious  to 
the  trunk  are  the  pear-tree  borer,  scurfy  bark  louse,  and  San  Jos^  scale; 
those  injurious  to  the  leaves  are  the  pear-tree  slug,  bUster  n^te,  and 
pear-tree  psylla;  those  injuring  the  fruit  are  the  pear  midge,  codling  moth, 
and  pltun  curcuUo.  In  most  regions  the  two  last-named  are  the  worst 
insect  enemies  of  the  fruit.  Other  insects  of  less  importance  are  the 
roimd-headed  and  flat-headed  apple-tree  borers,  oyster-shell  bark  louse, 
pear  lecanitmi,  and  pear  blight  beetle.  The  leaves  are  liable  to  attack 
also  from  a  great  variety  of  caterpillars^  which  seldom  do  much  damage. 

Except  in  the  case  of  San  Jos6  scale,  there  is  not  enough  evidence  to 
show  whether  any  of  the  above-mentioned  insects  are  more  or  less  injurious 
to  Oriental  pears  than  to  common  pears.  Trees  of  the  former  type, 
however,  have  frequentiy  been  found  free  from  scale,  while  varieties  of 
European  origin  growing  beside  them  have  been  almost  entirely  destroyed. 
Professor  J.  B.  Smith,  entomologist  of  the  New  Jersey  experiment  station, 
reports:  "  Kieffers  alone  are  absolutely  exempt,  and,  closely  following, 
comes  the  Le  Conte,  which  is  rarely  infested  in  the  nursery  and  never,  in 
my  experience,  in  the  orchard.  One  tree  grafted  with  Lawson  and  Kieffer 
had  the  Lawson  branch  and  fruit  covered  with  scales,  while  the  Kieffer 
branch  was  entirely  free."*  The  Oriental  pear  is  native  to  the  countries 
where  this  insect  has  existed  for  centuries,  and  it  is  reasonable  to  expect 

»Kleffertr«e0  have  boeaobwrved  tint  wtctiUelitlylBfatlad  with  Sttjotliotkb^         1 
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its  hybrid  descendants  to  resist  the  pest  better  than  can  other  species 
never  before  exposed  to  its  attacks.  Observers  have  reported  that  the 
scale  has  failed  to  establish  itself  on  certain  hybrid  trees  that  have  been 
repeatedly  infested  artificially.  But,  although  it  would  seem  that  certain 
individual  trees  were  immune,  this  cannot  be  maintained  for  the  whole 
type.  It  will  require  more  observation  to  arrive  at  an  tmderstanding  of 
all  the  conditions  that  control  this  factor.  While  the  Oriental  hybrids, 
as  a  type,  are  not  immune  to  the  scale,  certain  trees  seem  to  resist  it  very 
effectively.  This  points  to  a  line  of  possible  usefulness  in  breeding  hybrid 
trees  that  are  pii^cally  scale-free,  by  selecting  buds  and  grafts  from 
resistant  trees. 

Diseases 

Fairly  definite  condusions  have  been  arrived  at  concerning  the  effect 
on  the  hybrids  of  two  of  the  three  principal  diseases  of  pears,  namely, 
scab  and  leaf  blight.  The  evidence  in  regard  to  that  worst  of  all  pear 
diseases,  fire  blight,  appears  to  be  somewhat  contradictory. 

Scab. —  Pear  scab,  which  is  caused  by  the  fungus  Fusicladium  pirinum, 
is  more  destructive  in  the  North  than  in  the  South,  although  it  is  still  a 
serious  disease  as  far  south  as  Virginia.  It  rapidly  diminishes  in  severity 
in  r^ons  south  of  that  State.  Scab  is  greatly  affected  by  the  weather  in 
spring,  being  of  little  importance  in  dry,  sunny  weather,  but  causing 
much  destruction  in  rainy,  damp  seasons.  The  disease  attacks  the  blos- 
som buds  before  the  petals  have  opened,  and  new  infections  continue  to 
take  place  especially  while  the  fruit  is  small.  After  the  fruit  attains  a 
diameter  of  an  inch  or  more  and  the  cuticle  becomes  somewhat  firm,  the 
more  resistant  sorts,  especially  the  hybrids,  become  practically  immune 
for  the  rest  of  the  season;  but  the  very  thin-skinned  varieties,  such  as 
Seckel,  Flemish,  and  others,  retain  their  susceptibility  dxu-ing  most  of  the 
summer. 

Leaf  bUgkt. —  This  disease,  caused  by  the  fungus  Entamosporium  macu^ 
latum,  is  tmlike  the  scab  in  that  it  increases  in  virulence  as  one  goes 
south.  Although  it  does  some  damage  in  New  York  and  New  England, 
especially  on  nursery  stock,  it  rarely  becomes  important  north  of  the 
latitude  of  New  Jersey.  In  Maryland,  Virginia,  and  farther  south  it 
becomes  the  leading  fungus  on  the  pear.  It  produces  small,  circular  spots 
on  the  leaves,  causing  them  to  fall  from  the  tree  by  midsxmimer;  and  it 
produces  a  mottled  appearance  of  the  fruit,  often  causing  the  latter  to 
develop  on  only  one  side  and  to  crack  open.  The  disease  does  most  of 
its  damage  after  warm  weather  begins  and  its  work  is  most  pronovmced 
if  the  weather  is  very  dry  and  hot. 

Fire  blight, —  Often  the  trees  most  liable  to  blight  and  those  most 
seriously  injured  by  it  are  the  most  vigorous,  the  best  cultivated,  and  the 
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best  fertilized  trees — in  other  words,  those  that  are  making  a  rapid 
growth  of  new,  soft  tissue.  Climatic  conditions  influence  the  dis^tse 
greatly;  warm,  moist  weather  with  frequent  rains  favors  it,  while  dry, 
simny,  and  cool  weather  checks  it  partially  or  entirely.  It  is  caused  by 
a  microbe  that  winters  over  in  the  orchard  and  is  distributed  in  the  spring 
by  insects,  which  carry  it  to  the  blossoms.  Less  frequently  the  disease 
enters  the  tree  where  the  bark  is  soft,  through  the  agency  of  pxmcturing 
birds  or  insects,  or  where  the  bark  has  been  injured.  In  the  early  days 
of  the  hybrid  varieties  it  was  thought  that  they  were  immtme  to  this 
disease,  but  it  was  discovered  later  that  this  was  not  true.  However, 
although  many  cases  are  reported  in  which  the  blight  has  been  as  destruc- 
tive on  the  hybrids  as  on  the  common  varieties,  there  is  ample  evidence  to 
show  that  the  hybrids  have  often  been  less  affected  than  the  latter  class 
where  the  two  were  growing  imder  similar  conditions.  What  the  con- 
trolling factor  is  in  this  matter,  it  is  impossible  to  say  at  present.  It  may 
be  that  through  careful  selection  a  t)^pe  of  blight-proof  hybrid  pears  will 
some  day  be  produced,  which  will  be  of  immense  value  to  the  pear-growing 
industry  of  this  country. 

VARIETY  DESCRIPTIONS 

The  varieties  of  Oriental  pears  and  the  hybrids  have  many  characters 
in  common  that  distinguish  them  from  European  pears.  Among  them- 
selves, however,  the  trees  of  the  different  varieties  of  the  Oriental  pear 
and  the  hybrids  differ  somewhat  in  manner  of  growth,  in  the  size  and 
auttmin  coloring  of  the  leaves,  and  in  the  size,  color,  shape,  flavor,  and 
date  of  maturity  of  the  fruit. 

The  Oriental  pears  have  little  resemblance  to  the  pears  of  Europe.  In 
color  most  kinds  are  of  a  dull  greenish  russet,  with  small  yellow  or  russet 
dots;  the  skin  is  rough;  in  texture  they  are  coarse-grained  and  watery, 
without  much  flavor  or  aroma.  The  hybrid  varieties,  however,  have 
taken  on  many  of  the  characters  of  the  common  sorts,  although  still 
retaining  most  of  the  indications  of  their  Oriental  ancestry. 

A  few  of  the  hybrids  are  well  known  and  readily  recognized  by  pomolo- 
gists,  but  the  remainder  of  them,  and  practically  all  the  tmhybridized 
Oriental  varieties,  are  but  little  known  for  the  reason  that  they  are  planted 
to  only  a  slight  extent.  It  is  rather  difficult,  therefore,  to  obtain  accurate 
descriptions  of  many  of  them.  The  following  descriptions  have  been 
compiled  from  notes  made  by  many  growers  and  niu-serymen,  but  since 
they  were  made  imder  varying  conditions  of  cUmate  and  soil  there  has 
been  some  inconsistency  among  them.  The  best  way  to  make  a  study 
of  the  comparative  merits  of  these  pears  is  to  bring  them  together  under 
uniform  conditions,  in  much  the  same  way  that  the  Japanese  plums  have 
been  studied  at  this  station.    It  seems  that  some  of  the  Oriental  pears 
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are  almost  identical  with  others;  indeed,  some  varieties  are  so  similar 
that  it  is  imdoubtedly  true  there  are  more  of  them  than  are  needed.  This 
arises  partly  from  the  fact  that  many  nurserymen,  appreciating  the  value 
of  some  of  their  characters,  have  laid  great  stress  on  them  and  have  brought 
forth  a  considerable  ntunber  of  **  novelties  *'  of  this  type.  Although  a 
large  percentage  of  these  Chinese  and  Japanese  varieties  are  of  practically 
no  value,  their  many  good  points  should  and  will  be  used  in  breeding 
better  strains  of  the  European  pears.  Already  there  have  been  workers 
in  this  field  and  the  possibilities  are  indeed  great.  In  writing  the  fol- 
lowing descriptions  much  help  has  been  obtained  from  the  correspondence 
of  Professor  L.  H.  Bailey  with  various  fruit-growers  and  nurserymen 
throughout  the  country,  and  from  the  notes  of  Professor  John  Craig. 
Systematic  descriptions  are,  of  course,  not  attempted  here  because  of 
the  meager  information  obtained  regarding  many  of  the  varieties. 

Cincincis. —  Form  fairly  regular,  oval;  size  medium  to  small;  color 
light,  with  ntunerous  brown  dots;  skin  slightly  roughened;  cavity  none; 
stem  5tout,  one  inch  or  more,  much  thickened;  basin  very  shallow, 
wrinkled;  calyx  open  in  most  specimens;  flesh  yellowish  white,  juicy; 
quality  very  poor,  devoid  of  flavor;  texture  breaking,  crisp;  core  large, 
gritty;  seed  large,  flattLsh,  black.  Season,  October.  This  variety  resembles 
Sha  Lea  very  closely.  It  is  the  parent  of  numerous  seedlings  fruited 
by  S.  F.  Smith. 

Cincincis  Seedling.* — This  variety  was  brought  forward  by  William 
Parry  and  very  closely  resembles,  if  it  is  not  identical  with,  Cincincis. 
Parry  says  of  it:  **  Fruit  medium  to  large,  oblong,  largest  at  stem  end 
and  tapering  to  blossom  end,  smooth,  creamy  yellow.  Flesh  tender, 
crisp,  juicy,  lacking  quality.** 

Cindnnatus. —  Another  of  the  seedlings  produced  by  S.  F.  Smith. 
FoUette  Smith,  son  of  the  originator,  sa)rs:  **  The  tree  is  vigorous,  hardy, 
productive;  fruit  resembles  Cincincis  in  color  and  shape,  but  is  quite 
distinct  in  quality;  juicy,  subacid,  rich;  flesh  gritty.*' 

Commodore  Peny. —  Follette  Smith  says  of  this  variety:  "  Tree  vig- 
orous, but  with  more  of  a  dwarf  habit  of  growth  than  Dewey's  Premium, 
very  productive.  Fruit  is  oval,  tapering  toward  the  stem  end,  as  large 
as  Bartlett;  color  yellow,  with  red  flush;  quality  good,  free  from  grit. 
Season,  last  of  September." 

Conkl^ton. —  A  seedling  of  Le  Conte  from  Texas.  Tree  said  to  be 
hardier  and  less  subject  to  blight  than  its  parent.  Fruit  much  like 
Le  Conte,  but  of  better  quality. 

*  The  variety  name  as  listed  does  not  conform  to  the  rules  of  nomenclature  as  adopted  by  the  Ameri- 
can Pomological  Society.  Since  there  is  a  variety  called  Cincincis  and  since  the  word  **  seedling  *'  can- 
not be  used  as  a  variety  name,  the  name  "  Cincincis  Seedling  "  is  used  to  distinguish  this  variety. 
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Conklin. —  Fruit  fairly  large,  oblate,  obtuse  pyriform;  skin  greenish  or 
pale  yellow,  netted  and  patched  with  russet,  dotted  with  green  or  brown 
dots;  stem  medium,  fleshy  at  insertion;  calyx  partially  enclosed  in  a 
deep  basin;    flesh   yellowish,   coarse,  juicy,  half-melting,   sweet,    fairly 

pgood  quality. 
Season,    Sep- 
tember.   The 
variety    originated 
in    Westchester 
county.  New  York. 
Daimyo. —  This 
variety  doseJy  re- 
sembles Mikado.     It 
is  said  that  its  flesh  is 
dry  and   lacking  in  the 
aromatic  flavor  of  Siebold. 
'*  Daimyo. —  Introduced 
by    Simon    Louis     Frferes, 
1873.     Collected    by    von 
Siebold    in   Japan.      Fruit 
large,  spherical  ovoid;  stem 
very  long,  recurved,  fleshy, 
lower   part   the    same 
color    as    fruit;    calyx 
large,     open ;     flowers 
large;    color    olive   green,    sometimes 
with  marbling  on    the  surface;   flesh 
white;  fruit  perfumed  with  cydonia- 
like     odor.      Uneatable    in    natural 
state;  good  for  cooking.    Simon  Louis 
Fig.  159.—  Conklin  pear  pr^res/'—  j.  Q. 

Dewey. —  Form  conical  to  roundish  oval,  resembling  Kieffer;  size 
medium;  color  rusty  green  with  faint  flush;  skin  rough;  cavity  broad, 
shallow,  ridged,  and  irregular;  stem  stout,  straight,  incurved,  two  inches 
long;  basin  very  small,  irregular,  russeted;  calyx  open,  calyx  lobes  long; 
flesh  white,  juicy;  quality  poor;  texture  coarse,  gritty,  fibrous;  core  large, 
open,  surrounded  by  grit;  seeds  long,  brownish  black;  fruit  variable  in 
size  and  form.    Season,  last  of  October. 

Dodge  Hybrid. —  Form  ovate,  pjoiform,  narrowing  rapidly  to  'the 
stem;  size  medium;  color  greenish  yellow,  profusely  dotted;  skin  thin  but 
tough,  russeted  near  stem;  basin  medium  size,  slightly  wrinkled;  stem 
Btout,  Straight;  cavity  none;  calyx  open,  medium  sise;  flesh  white,  juicy; 
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quality  fair,  not  rich;  texture  melting,  tender,  no  grittiness;  core  small; 
seed  good  size,  plump.  Season,  early  October.  Very  similar  in  appear- 
ance to  Virgalieu. 

Duchesse  Hybrid. —  Form  resembles  Kieffer;  color  lemon-yellow;  flesh 
coarse;  quality  poor.    Season,  October. 

Farragut. —  A  seedling  of  Cincincis  originated  by  S.  P.  Smith,  of 
Marietta,  Ohio.  The  writer  has  not  fotmd  it  listed  in  any  of  the  ntu-sery 
catalogues.  This  was  one  of  the  seedlings  that  were  sent  by  Mr.  Smith 
to  D.  M.  Dewey,  with  the  request  that  he  name  them  and  have  plates 
n^ide  of  them.    From  the  sketch  thus  made  this  variety  appears  to  be 


Fig.  160. —  Dewey  pear  • 

large,  of  the  same  shape  as  Bartlett,  and  greenish  with  a  red  flush.  Mr. 
Dewey  says  that  the  flesh  is  melting,  juicy,  fine-grained,  subacid,  and 
pleasant.    Season,  last  of  September. 

Garber. —  In  some  sections  df  the  lower  Mississippi  Valley  this  is  con- 
sidered the  best  of  the  hybrids,  one  reason  being  that  it  blooms  late  and 
hence  escapes  late  frosts.  In  quality  the  fruit  is  probably  a  little  better 
than  Kieffer,  but  the  tree  does  not  come  to  bearing  at  quite  so  early  an 
age.  Form  of  fruit  oval,  truncate  at  both  ends;  size  lai^ge,  three  to  four 
inches  in  diameter;  color  light  yellow,  with  pink  flush;  skin  smooth,  slightly 
greasy;  cavity  large;  stem  slender,  one  and  one  fourth  inch  long;  basin 
small,  usually  narrow  and  circular;  calyx  generally  open,  segments  long; 
flesh  white,  juicy;  quality  insipid,  subacid,  lacking  in  sweetness;  texture 
crisp,  not  melting;  core  small,  closed,  surrounded  by  grit;  seeds  small, 
black,  sharply  pointed.    Season,  late  fall. 
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Gibb. —  Raised  from  seed  sent  by  Charles  Gibb  from  Mongolia  to 
Professor  Budd  at  Ames,  Iowa,  and  named  by  the  latter.  It  is  said  to 
be  very  hardy  and  productive,  coming  into  bearing  when  rather  yotmg. 
Fruit  about  the  size  of  Bartlett;  shape  pyriform;  nearly  equal  to  Bartlett 
in  quality,  according  to  Professor  Budd.  This  variety  and  the  other 
seedlings  of  the  same  origin  seem  to  be  of  a  decidedly  better  quality  than 
the  rest  of  the  Oriental  pears  and  are  of  a  different  type,  although  they 
all  probably  belong  to  the  same  species. 


Fig.  161. —  Dodge  pear 


Gold  Dust. —  Fruit  of  Bergamot  shape,  with  slender  stem;  skin  very 
rough.     Season,  October.    Probably  resembles  Golden  Russet  very  closely. 

Golden  Russet. —  This  is  said  to  closely  resemble  Gold  Dust,  Hubbard 
Japan,  and  Japan  Wonder.  Form  apple-shaped,  rather  flat,  regular;  size 
medium;  color  light  lemon-yellow,  with  many  fine  dots,  russeted  especially 
about  the  stem;  skin  roughish;  cavity  shallow;  stem  about  two  inches 
long,  slender;  calyx  present;  flesh  juicy,  aromatic,  slightly  sweetish; 
quality  very  poor;  texture  coarse.  Season,  October.  Tree  very  hardy 
and  a  yoimg  bearer,  often  blossoming  the  first  year  and  setting  fruit  the 
second. 

HawaiL — Form  apple-shaped;  size  medium;  color  light  lemon-yellow, 
with  rough,  russet  dots;  cavity  rather  shallow;  stem  long,  slender,  and 
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curved;  basin  shallow;  flesh  hard,  gritty;  flavor  poor,  subacid.  Season, 
October.     *'  Sandwich  Island  "  is  a  synonym  for  this  variety. 

Hubbard  Japan. —  Form  apple-shaped;  size  fairly  large;  color  yellow, 
with  russet  dots;  flesh  white,  brittle;  quality  no  better  than  most  of  the 
others  of  this  type.  Resembles  Japan  Wonder  and  Golden  Russet. 
Introduced  by  Dr.  J.  T.  Whitaker,  of  Tyler,  Texas. 

Japan  Wonder. —  Another  introduction  by  Doctor  Whitaker,  who  says 


Fig.  162. —  Golden  Russet' 

of  it:  "  The  fruit  is  rather  flat,  large,  apple-like;  color  light  yellow,  with 
many  white  dots  covering  the  entire  surface;  flesh  white,  brittle,  juicy, 
poor  in  quality.     Tree  an  open  grower.** 

Japanese  Sand. —  Said  to  be  similar  to  Hawaii.  Form  apple-shaped; 
size  medium;  color  lemon-yellow,  with  russet  dots;  cavity  shallow;  stem 
long,  slender,  and  straight;  basin  shallow;  flesh  hard;  quality  poor;  flavor 
much  like  Daimyo.    Season,  late  October. 

Kieffer. —  Fruit  rotmdish  oval,  narrowing  at  both  ends,  with  the  greater 
diameter  near  the  center;  size  medium  to  lai^ge;  color  yellow,  orange- 
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ydlow  in  the  sun,  with  light  red  flush;  skin  smooth,  with  many  brown 
russet  dots;  cavity  small,  narrow;  stem  stout,  straight,  swollen  at  base, 
length  short  to  medium;  basin  small,  corrugated,  russeted;  calyx  large, 
usually  open,  segments  curved;  flesh  melting,  yellowish  white,  juicy; 
quality  fair  when  ripened  ofiE  tree;  texture  lacks  sprightliness;  core  large, 
open,  surrounded  by  line  of  grit;  seed  meditun  in  size,  black.  Season,  last 
of  September.  Tree  hardy,  vigorous,  and  productive,  like  its  Oriental 
relatives. 

Le  Conte. —  Form  regular,  oval  to  oblong;  size  medium  to  large;  color 
yellow,  often  with  touch  of  red  on  sunny  side;  skin  smooth,  rarely  subject 
to  scab;  cavity  none;  stem  short,  stout;  basin  narrow,  shallow;  flesh  white, 
tender,  very  juicy;  flavor  sweetish,  perfumed,  subacid;  quality  poor  to 
ordinary,  scarcely  as  good  as  Kieflfer;  core  medium  size,  surrounded  by 
line  of  grit.  Season,  July  in  South,  to  middle  September  in  North.  Tree 
vigorous  and  productive,  coming  to  bearing  at  about  five  years  of  age; 
color  of  the  young  wood  almost  pear  green.  In  some  parts  of  the  South, 
especially  in  Texas,  the  fruit  buds  are  often  killed  by  late  frosts.  The 
northern  range  of  this  variety  is  not  so  extensive  as  that  of  Kieffer. 

Magnolia. —  Fruit  large,  rotmdish  to  pyriform;  surface  smooth;  color 
yellowish  russet,  with  numerous  irregular  dots;  flesh  white,  crisp,  tender, 
juicy,  mild,  subacid;  quality  fair.  Tree  is  rather  dwarfish.  Season, 
three  or  four  weeks  later  than  Kieffer  in  the  South.    Origin,  south  Georgia. 

Marietta. —  Tree  is  said  to  be  inclined  to  grow  tall  with  a  single  main 
stem;  fruit  light  yellow  with  red  blush.    Season,  October. 

Mikado. —  Form  roundish,  apple-shaped;  size  medium;  color  lemon- 
yeUow,  with  russet  dots;  skin  rather  rough;  cavity  almost  wanting;  stem 
long,  slender,  and  bent;  basin  shallow;  flesh  white,  slightly  aromatic; 
quality  poor;  flavor  subacid;  texture  coarse,  brittle.  Season,  last  of 
September. 

"Mikado. —  Fruit  rather  large,  spherical-ovoid;  pedimcle  very  long, 
recurved,  half  black  and  half  greenish;  eye  large,  open,  not  sunk;  skin 
rough  to  the  touch,  yellowish  olive,  dotted  with  gray  specks  and  marbled 
with  mildew  on  the  surface;  flesh  white,  fine,  brittle,  rather  juicy,  per- 
fumed, with  a  pronounced  quince  flavor,  uneatable  raw.  Simon  Louis 
FrSres."— J.  C. 

Mongolian. —  Fruit  medium  to  large,  roundish  oval,  narrowing  at 
both  ends,  with  its  greatest  diameter  near  the  middle,  similar  to  Kieffer 
in  shape,  inclined  to  ridging  near  the  apex;  color  greenish,  with  blushed 
cheeks  and  russet  dots;  stem  an  inch  long  or  more,  stout,  set  in  broad, 
shallow  cavity  raised  on  one  side,  giving  the  stem  an  inclination;  basin 
deep,  ridged;  flesh  tender,  melting,  juicy.  Professor  Budd  considers  it 
the  best  of  the  Oriental  varieties  yet  tested  in  this  country.  Obtained 
from  seed  at  Ames,  Iowa. 
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Sha  Lea  Chinese  Sand. —  The  name  ''Chinese  Sand*'  was  used  as  a 
varietal  name  by  the  pomologists  of  fifty  years  ago,  but  it  is  doubtful 
whether  they  meant  to  use  it  except  as  the  name  of  the  type.  In  recent 
years,  however,  a  few  nurserymen  have  listed  this  as  the  name  of  a  variety. 
Downing  says  of  it:  '*  The  trvdt  is  of  medium  size,  roundish  pjrriform,  dull 
yellow,  covered  with  a  rough,  sandy-like  russet.  Flesh  firm,  moderately 
juicy,  cooks  well,  and  acquires  a  fine  flavor.    September." 

Siebold. —  Flesh  aromatic  and  juicy.  This  variety  is  probably  some- 
what similar  to  Mikado.  '' Madame  von  Siebold"  and  "Sieboldii"  are 
synonyms  for  this  variety. 

**  The  following  description  was  made  on  the  grounds  of  Simon  Louis 
Prferes,  Metz."— J.  C. 

"  Madame  von  Siebold. —  Fruit  very  large,  nnmded,  a  little  narrow 
toward  the  cavity,  where  it  is  angular;  truncated  at  the  base  and  indented 
at  the  circumference.  Pedimcle  long,  thick  at  the  joining,  rather  large, 
inserted  in  a  rather  deep  cavity,  widened  and  wrinkled  at  the  edges. 
Eye  large,  half  closed;  cavity  not  very  deep,  but  rather  wide.  Skin 
rather  smooth,  of  a  pretty  brown  color,  dotted  with  large  gray  specks 
which  are  very  regular  and  very  apparent.  Flesh  white,  slightly  yellow- 
ish, medium  fine,  crisp,  juicy,  sweet,  perfumed  like  quinces,  almost  eatable 
raw.    The  most  beautiful  of  the  Japanese.    Simon  Louis  Fr^res.*' —  J.  C. 

'*  Sieboldii. —  Mediimi  to  large  pyriform  with  elongated  tendency, 
angled  and  irregular;  stem  long  and  larger  than  ordinary;  calyx  open; 
cavity  deep  and  large;  color  slightly  red  on  simny  side,  grayish  in  shade; 
flesh  white,  breaking,  sweet,  perfumed;  cannot  be  eaten  raw  with  pleasure. 
Simon  Louis  Frferes." — J.  C. 

Sikaya. —  Form  oblate,  regular;  size  medium  to  small;  color  buff, 
russeted;  skin  tough,  almost  covered  with  large  russet  dots;  cavity  small, 
regular;  stem  long,  stout  at  base;  basin  small,  shallow;  calyx  large,  with 
open  lobes  resting  on  side  of  basin;  flesh  yellowish  white,  coarse;  quality 
poor,  insipid,  subacid;  texture  melting,  gritty;  core  meditun,  open,  lined 
with  grit;  seed  flattened,  black.    Season  late. 

Smith. — Form  oval,  truncate  at  basin  end;  size  mediimi  to  large; 
color  yellowish  green;  skin  smooth,  with  patches,  of  russet  occasionally; 
cavity  none;  stem  straight,  much  thickened  at  base;  basin  small, 
shallow,  slightly  wrinkled;  calyx  prominent,  open;  flesh  white,  firm; 
qtiality  poor,  insipid,  dry;  texture  mealy;  core  small;  seed  flat,  almost 
black.  Season,  October.  This  variety  is  very  similar  to  Le  Conte,  but 
blooms  later,  thus  producing  a  more  certain  crop. 

Smith  Beauty. —  Similar  to  Le  Conte,  but  with  no  blush;  shorter 
than  Dewey;  calyx  well  developed.  Variety  name  has  been  listed  as 
"Smith's  Winter  Beauty." 
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lacking.     Variety  name    has    been    listed    as 


Strong. —  Description 
"Strong's  Japan." 

Suet  Lea. —  Form  apple-shaped  to  oblong,  regular;  size  medium  to 
small;  color  light  yellow,  with  large,  rough,  russet  dots;  cavity  mediimi, 
fairly  regular;  stem  long,  thick  at  base;  basin  shallow,  small,  corrugated; 
calyx  deciduous;  flesh  greenish  white,  lacking  juice,  hard,  and  gritty; 
quality  poor;  texture  crisp,  breaking;  core  large,  open;  seed  large,  black. 
Season  late. 


Fig.  163. —  Smith 
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CONTROL  OF  TWO  ELM-TREE  PESTS 

Glenn  W.  Hbrrick 
THE  ELM  LEAF-BEETLE 

{Galerucella  luteola  Mull.) 

The  American  elm  is  perhaps  the  greatest  favorite  among  shade  trees 
in  the  United  States.  It  is  probably  more  widely  planted  for  this  ptirpose 
than  any  other  tree,  especially  in  the  eastern  |)art  of  the  coimtry.  Otir 
forefathers  in  New  England,  remembering  their  beloved  English  elms, 
went  into  the  woods,  brought  forth  the  slender,  graceful  young  elms, 
and  set  them  in  front  of  their  homes  and  along  their  streets.  As  their 
descendants  marched  westward  they  too  remembered  these  fine  trees 
and  followed  the  commendable  example  of  their  fathers.  The  fine  trunk 
of  the  elm,  with  its  spreading  branches  terminating  in  graceful,  pendulous 
tips,  makes  it  a  very  beautiful  tree.  There  is  no  street  more  attractive 
than  an  avenue  almost  arched  with  the  mighty  arms  of  the  elms. 

It  is  a  source  of  great  regret  that  the  American  elm  is  subject  to  the 
attacks  of  a  most  injurious  insect  pest,  the  imported  elm  leaf-beetle. 
But  fortunately  this  pest  can  be  controlled  if  fought  with  vigor  and 
thoroughness. 

The  imported  elm  leaf-beetle  was  abundant  and  injurious  in  Baltimore, 
Maryland,  in  1838.  It  must  have  come  into  the  coimtry  about  1834. 
Since  that  time  it  has  gradually  extended  its  territory  imtil  now  it  is 
foimd  as  far  north  as  Massachusetts  and  New  York  and  as  far  west  as 
Ohio  and  Kentucky.  In  New  York  State  it  is  destructive  in  the  eastern 
and  central  sections  and  will  probably  extend  its  activity  gradually  imtil 
it  covers  the  greater  part  of  the  State. 

Professor  Slingerland^  records  the  appearance  of  the  beetle  in  Ithaca 
for  the  first  time  in  1902.  A  student  in  Cornell  University,  P.  B.  Powell, 
discovered  the  eggshells  and  the  yoimg  and  nearly  mature  grubs  on  July 
13,  1902,  on  some  elms  along  University  Avenue,  which  leads  to  the  Cornell 
University  campus.  Apparently  the  infestation  was  light,  for  only  a 
few  branches  on  a  dozen  trees  were  found  affected.  On  July  16  beetles 
were  found,  and  on  August  2  the  beetles  emerged  from  larvae  collected 
earlier.  The  beetles  must  soon  have  invaded  the  trees  on  the  tmiversity 
campus,  and  from  that  time  until  the  spring  of  191 1  they  steadily  increased 
in  numbers  and  destructivencss.  By  191 1  the  trees  had  begim  to  show 
seriously  the  effects  of  the  injury  and  a  few  had  nearly  succumbed.    It 

>  Entomological  News,  voL  14,  1903.  p.  30. 
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is  doubtful  whether  some  of  them  will  recover.  Several  English  dms, 
which  are  more  subject  to  injury  from  this  beetle  than  are  American 
dms,  had  to  be  cut  down.  A  part  of  the  injury  to  these  trees,  however, 
was  caused  by  the  elm  leaf-miner. 

The  condition  of  the  trees  in  1910  was  such  that  it  became  imperative 
to  take  preventive  measures  before  another  season  should  pass.    Accord- 


FiG.  164. —  Spraying  a  high  dm  with  a  Hardie  machine 

ingly,  the  Board  of  Trustees  of  Cornell  University  made  a  liberal  appro- 
priation for  spraying  the  dms  on  the  university  grounds,  and  preparation 
for  the  work  was  at  once  b^;un.  The  problem  seemed  a  rather  large 
one.  However,  the  spraying  has  now  been  carried  through  two  seasons, 
and,  while  nothing  startling  has  been  developed  in  the  way  of  new  methods 
or  apparatus,  the  work  has  proved  to  be  practical,  economical,  and  efficient. 
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SPRAYING  APPARATUS 

The  first  question  which  presented  itself  was  that  of  the  apparatus  to 
be  used.  It  was  necessary  to  procure  machines  that  were  not  expensive. 
Moreover,  many  of  the  trees  were  on  steep  hillsides  and  were  difficult 
to  reach,  so  that  the  type  of  heavy  machines  used  in  work  with  the  gipsy 
mpth  did  not  seem  suited  to  the  present  problem.    Again,  there  were 


Fig.  165. —  Spraying  a  high  elm  with  a  Friend  maphine 

comparatively  few  trees  and  it  seemed  unwise  to  spend  a  thousand  dollars 
or  more  for  a  very  large  machine.  It  was  necessary,  however,  to  have 
a  ma^;hine  that  would  maintain  a  high  pressure  in  order  to  force  a  stream 
to  tlie  tops  of  the  trees. 

After  a  thorough  consideration  of  all  the  points  involved,  it  was  decided 
,ai£Lt  two  ix)wer  spraying  machines  of  the  following  specifications  should 
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be  bought:  (i)  A  Hardie  Eastern  Triplex  power  sprayer  with  200-gallon 
tank;  a  triplex  ptimp  with  2§-inch  cylinders;  a  vertical  3-horsepower 
Ideal  engine;  two  lines  of  i-inch  hose,  each  100  feet  long;  a  12-foot  tower; 
two  extension  poles,  one  20  feet  and  the  other  12  feet  long.  (2)  A  Friend 
Hilly-orchard  Model  power  sprayer  with  200-gallon  tank;  a  large-size 
California  model  pump;  a  3J-horsepower  engine;  an  8-foot  tower;  and 
other  equipment  the  same  as  for  the  first-named  machine.    Each  of  these 

3 


Fig.  166. —  Spraying  from  tower  and  from  ground 

machines  was  mounted  on  a  truck  ready  for  the  field.  The  price  of  the 
Hardie  machine  is  $274  f.  o.  b.  Hudson,  Michigan;  that  of  the  heavy 
Friend  machine  is  $300  f.  o.  b.  Gasport,  New  York.  At  all  times  it  was 
possible  to  maintain  200  pounds  pressure  with  either  outfit,  and  both 
nfiachines  gave  satisfactory  results. 

Bordeaux  nozzles  were  used  for  all  the  work  because  these  are  adjust- 
able. A  solid  stream  could  be  thrown  to  the  tops  of  the  high  trees,  or 
a  fine  spray  could  be  used  for  the  lower  limbs. 
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One  man  was  stationed  on  the  tower  with  the  20-foot  extension  rod. 
When  he  desired  to  chafige  from  a  solid  stream  to  a  mist  spray  he  merely 
lowered  the  nozzle  to  a  man  on  the  ground,  who  changed  the  adjustment 
of  the  nozzle.  The  man  on  the  groimd  sprayed  the  lower  branches, 
looked  after  the  engine,  and  drove  the  team.  An  extra  man  was  present, 
the  so-called  foreman,  who  directed  the  work,  mixed  the  solutions, 
attended  to  breakdowns,  climbed  trees  if  necessary,  and  was  generally 
responsible  for  the  spraying  operations. 

There  is  one  rather  serious  fault  to  be  found  with  the  long  extension 
poles  or  with  any  of  the  common  extension  poles.  The  brass  conducting 
pipe  on  the  pole  is  too  small  in  diameter  to  carry  enough .  liquid  and, 
besides,  it  greatly  reduces  the  pressiure  at  the  nozzle.  If  a  conducting 
pipe  of  larger  diameter  could  be  made  of  a  Ughter  material  that  would 
stand  the  pressure,  it  would  be  advantageous.  Much  more  liquid  could 
be  thrown;  the  spraying  could  be  done  faster,  and  thus  a  larger  amount 
of  space  covered  in  a  given  time.  Moreover,  because  of  the  pressure's 
not  being  lessened,  the  stream  could  be  thrown  higher.  For  the  short 
poles,  pieces  of  quarter-inch  gas  pipe  12  feet  long  were  substituted  in 
the  work  here  described  and  these  gave  better  satisfaction.  Longer 
pieces  of  pipe  than  this,  however,  would  be  too  heavy. 


Smaller  spraying  machines 


Low  and  mediiun-sized  trees  may  be 
a  hand-spraying  outfit,  such  as  is 
shown  in  Fig.  167.  This  consists 
of  a  barrel  moimted  on  a  two-wheeled 
cart  for  convenience  in  moving  from 
tree  to  tree.  A  strong  hand-pimip  is 
fitted  into  the  barrel.  With  such  an 
outfit  a  pressure  of  75  pounds  can 
be  maintained,  although  this  requires 
rather  strenuous  work  on  the  part  of 
the  man  who  does  the  pumping.  In 
connection  with  this  barrel  pump  a 
tall,  firm  step-ladder  is  needed,  also 
a  piece  of  hose  50  feet  long  fitted  to 
an  extension  rod  10  or  12  feet  long. 
With  an  outfit  of  this  kind,  fairly 
large  and  tall  trees  may  be  sprayed 
efficiently  and  economically. 


sprayed  with  fair  efficiency  with 


Fig.  167. — Hand-spraying  outfit 
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High^ower  spraying  machines^ 

In  the  crusade  in  New  England  against  the  gipsy  and  brown-tail  moths, 
great  improvements  have  been  made  in  spraying  outfits  for  forest  and 
shade  trees.  The  machines  have  been  made  much  heavier  and  the  engines 
are  of  high  horsepower,  so  that  solid  streams  are  thrown  to  the  tops  of  the 
highest  trees  from  a  nozzle  held  by  a  man  on  the  groimd  (Fig.  i68).  This 
has  greatly  simplified  the  work  of  spraying  forest  and  shade  trees.  Lines 
of  hose  200  or  300  feet  in  length  are  laid  along  the  groimd,  leading  from 
the  machine.  In  this  manner  trees  on  either  side  of  the  road,  for  a  con- 
siderable distance  back  from  the  fences,  may  be  sprayed  without  the 
machine's  leaving  the  highway.  Such  machines  cost  about  $1,000  and 
are  rather  expensive  for  most  of  the  work  with  shade  trees.  However, 
they  furnish  almost  an  ideal  method  of  spraying  trees.  With  a  high- 
power  machine  of  this  type  it  is  not  necessary  to  have  a  tower  or  to  climb 
trees. 

The  large  machines  used  in  the  work  with  gipsy  moths  have  triplex 
pumps  and  8-  or  lo-horsepower  engines.  The  two-  and  four-cycle  engines 
have  been  used,  the  latter  apparently  having  given  the  better  satisfaction. 
Irately  the  two-cylinder  marine-motor  type  of  engine  has  been  tried  and 
has  proved  very  satisfactory.  With  these  machines  either  ij-inch  or 
i-inch  hose  is  used,  the  latter  being  preferable.  The  nozzle  is  of  much 
the  same  type  as  that  used  on  fire  hose. 

SPRAYING  OPERATIONS 

In  1911  the  first  spraying  was  begun  on  May  16.  This  application 
was  made  just  as  soon  as  the  trees  were  in  good  leaf,  although  not  in 
full  leaf.  The  adult,  over-wintering  beetles  became  active  at  least  as 
early  as  May  2.  They  had  been  observed  on  the  windowpanes  of  houses 
for  some  time  previous  to  this  date,  therefore  they  must  have  left  their 
hibernating  places  several  dajrs  before.  On  May  1 1  the  elms  were  rapidly 
coming  into  leaf.  The  beetles  were  on  the  trees  and  were  eating  ravenously 
on  those  trees  that  were  well  in  leaf.  The  work  was  delayed,  however, 
until  the  following  Monday,  May  16,  in  order  that  more  of  the  trees  might 
come  into  fuller  leaf. 

In  19 1 2  the  season  was  considerably  later  and  spraying  for  the  beetles 
was  not  begun  until  Jime  13.  The  trees  were  well  in  leaf  by  May  27, 
however,  for  on  May  27  and  28  spraying  for  the  elm  leaf-miner  was  done. 
There  was  a  difference  of  about  ten  days  between  the  two  seasons.  In 
1912  the  beetles  were  first  noted  on  the  trees  on  May  17.  By  May  21  they 
were  abtmdant  and  were  eating  ravenously. 


1  Bolktm  87,  Bniwa  ol  Bntonology,  Ui)ited  States  Department  of  AgHcolttm,  ppi.  64-67* 
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Fig.  i68. —  Spraying  trees  from  the  ground  with  high-power  machines 
in  Massachusetts 


PHOTOGRAPH  BY  C   R.    CROSBY 

Fig.  169. —  Spraying  trees  with  high- power  machines  in  Massachusetts 
41 
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Paste  arsenate  of  lead  was  used  for  the  most  part,  at  the  rate  of  3  potinds 
to  50  gallons  of  water  for  the  first  application.  For  the  second  appli- 
cation the  proportion  was  3I  pounds  to  50  gallons  of  water.  On  about 
thirty-five  trees  powdered  arsenate  of  lead  was  used,  at  the  rate  of  ij 
pounds  to  50  gallons  of  water. 

In  all  there  were  on  the  university  grounds  about  five  hundred  and 
thirty  trees  that  were  sprayed  in  191 1.  About  one  hundred  of  these 
were  scattered  over  the  steep  hillsides  west  of  the  buildings  and  along 
University  and  Stewart  avenues.  Many  of  the  trees  were  nearly  a  mile 
from  the  campus  water  supply,  and  the  majority  were  scattered  and  not 
easy  to  reach.  Exclusive  of  permanent  equipment,  the  cost  of  spraying 
these  trees  twice  was  $464.90,  or  aii  average  of  approximately  88  cents 
each.  The  scattered  trees  raised  materially  the  average  cost  of  the  whole. 
If  all  the  trees  had  stood  along  streets  and  reasonably  near  a  water  supply, 
the  average  cost,  the  writer  thinks,  would  have  fallen  below  70  cents.  With 
the  two  machines  it  took  ten  days  to  make  the  first  spraying  and  eleven 
days  to  make  the  second.  The  second  spraying  was  done  more  thoroughly 
and  there  was  much  more  leaf  surface  to  be  covered;  on  the  other  hand, 
experience  had  made  the  men  more  efficient.  The  great  majority  of 
the  trees  were  over  forty  years  old,  while  some  were  older;  nearly  all 
of  them  were  large. 


In  order  to  give  a  clear  idea  of  the  cost  of  spraying  elm  trees,  a  few 
details  of  the  work  on  different  days  are  here  presented.  The  men  were 
paid  $2  a  day  with  the  exception  of  the  foreman,  who  was  an  experienced 
man  and  who  received  $5  a  day.  The  men  who  drove  the  teams  and 
sprayed  the  trees  were  inexperienced.  The  amotmt  paid  for  teams  was 
$2  a  day. 

On  Jime  20  the  two  machines  sprayed  eighty-two  trees,  some  of  which 
were  small.  The  total  expense  of  this  day,  including  men,  teams,  arsenate 
of  lead,  and  gasoline,  was  $24.91,  an  average  of  30!  cents  per  tree.  On 
June  16  sixty-six  trees  were  sprayed  at  a  total  cost  of  $22.14,  ^^  average 
of  33^  cents  per  tree;  these  were  all  large  trees.  On  June  19  fifty-nine  of 
the  largest  trees  on  the  campus  were  sprayed  —  those  along  Central 
Avenue  southward  from  the  Library.  The  cost  of  spraying  these  trees 
was  $23,965,  an  average  of  4of  cents  per  tree.  These  trees  stood  dose 
to  the  street  and  near  a  water  supply.  They  are  very  large  trees, 
having  a  great  amount  of  leaf  surface.  This  should  give  one  a  fair  idea 
as  to  the  cost  of  spraying  the  largest  trees. 

*  Jounial  of  Economic  Bntomology,  voL  5*  no.  2,  April.  1912.  pp.  I70-I7i« 
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Fig.  170. —  English  elms  killed  by  leaf -beetles  and  -miners 


Fig.  171. —  English  elms  sprayed  and  recovering  from  attacks  of  beetles  and  miners 
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A  careful  and  detailed  record  was  kept  of  the  actual  cost  of  spraying 
four  hundred  and  thirty-five  trees.  Most  of  these  trees  were  large  and 
all  stood  near  the  street  and  near  the  campus  water  supply.  The  cost 
of  spraying  these  trees  once  was  $133.37,  or  30.7  cents  per  tree.  On  the 
average,  each  machine  sprayed  36 J  trees  per  day  of  eight  hours,  or  4 J 
trees  per  hoiu",  or  a  single  tree  about  every  13  J  minutes.  The  average 
quantity  of  liquid  used  for  each  tree  was  approximately  18 J  gallons. 
With  the  bordeaux  nozzle,  or  with  any  nozzle  throwing  a  coarse  stream, 
considerable  liquid  is  stu-e  to  be  wasted.  Nevertheless,  the  writer  thinks 
it  is  not  wise  to  try  to  be  too  economical  in  the  use  of  the  spraying  material. 
Both  the  upper  and  undersides  of  the  foliage  should  be  covered,  even 
if  some  material  goes  to  waste  in  getting  about  among  the  branches. 

During  the  season  of  19 12  the  beetles  were  not  so  abundant  nor  so 
injurious.  They  appeared  considerably  later  in  the  spring  than  in  191 1. 
No  beetles  were  seen  on  the  trees  until  May  1 7  and  they  were  not  abtmdant 
until  May  22.  Spraying  was  begun  on  June  13  and  finished  on  June  22. 
This  was  a  little  later  than  usual,  it  having  been  decided  to  spray  but  once 
because  of  the  scarcity  of  beetles  and  because  of  the  thorough  spraying 
in  the  preceding  year.  It  cost  $218.90  to  spray  the  trees  in  1912,  an 
average  of  41^  cents  per  tree.  Since  only  one  application  was  given,  the 
work  was  done  somewhat  more  thoroughly  than  before  and  considerably 
more  liquid  was  used.  The  men  on  the  towers  were  paid  $2.50  a  day, 
an  advance  of  50  cents  over  the  amount  paid  in  191 1. 

Powdered  arsenate  of  lead,  at  the  rate  of  ij  pounds  to  50  gallons  of 
water,  was  used  on  one  hundred  and  twenty-six  trees.  It  gave  as  good 
results  in  controlling  the  beetles  as  did  the  paste,  and  mixed  a  little  more 
readily  with  water.     It  was  slightly  more  expensive  than  the  paste. 

COST   OP  SPRAYING  SHADE  TREES  IN  OTHER  LOCALITIES 

It  has  been  shown  that  in  the  work  at  Cornell  University  the  cost  of 
spraying  each  tree  was  about  30  to  41  cents  when  one  appUcation  was  given. 
It  is  probably  safe  to  say  that  the  shade  trees  of  most  towns  and  cities 
could  be  efficiently  sprayed  at  this  cost.  It  must  be  remembered  that 
the  trees  on  the  Cornell  University  campus  were  being  sprayed  by  an 
entomologist  who  was  anxious  that  the  work  should  be  an  unqualified 
success,  at  least  so  far  as  controlling  the  beetle  was  concerned.  Great 
pains  were  taken  to  coat  all  parts  of  the  trees,  especially  the  topmost 
and  the  inner  branches.  In  order  to  do  thorough,  careful  work,  much 
time  and  material  must  be  consumed.  Undoubtedly  the  trees  were  more 
thoroughly  sprayed  than  are  average  trees.  It  would  be  easy  to  cut  the 
cost  of  spraying  one  fourth  or  one  third  by  slighting  the  work. 


Digitized 


by  Google 


Control  op  Two  Elm-Treb  Pests  501 

The  trees  on  Cornell  Heights  in  the  city  of  Ithaca,  New  York,  were 
sprayed  in  191 2  by  contract  at  22 J  cents  each.  These  trees,  which  are 
not  very  large,  range  from  20  to  30  feet  in  height.  Individual  trees  in 
the  city  of  Ithaca  are  sprayed,  by  contract  for  the  season,  at  a  cost  ranging 
from  $1  to  $2  per  tree,  depending  on  size,  distance  from  water  supply, 
and  other  conditions.  It  often  becomes  necessary,  in  the  case  of  these 
individual  trees,  to  use  special  care  in  order  to  prevent  the  spraying 
material  from  being  sprinkled  on  the  houses.  Moreover,  many  of  the  trees 
in  Ithaca  are  very  large,  and  all  such  trees  must  be  climbed  in  order  to 
reach  the  top. 

Some  figures  showing  the  cost  of  spraying  elm  trees  are  given  by  Dr.  E. 
P.  Felt.*  He  reports  Dr.  J.  B.  Smith  as  saying  that  the  elms  on  the 
college  campus  at  New  Brunswick,  New  Jersey,  were  sprayed  at  odd 
times  by  the  janitors.  It  took  two  men,  with  a  force-piunp  and  ladders, 
about  one  hour  to  spray  a  single  tree.  Including  the  poison  used,  the 
cost  was  about  56  cents  per  tree.  In  the  city  of  New  Brunswick  the 
trees  were  sprayed  at  a  contract  price  of  $1,  it  being  understood  that 
they  were  to  receive  three  treatments  if  necessary. 

Considerable  data  are  given  by  Mr.  Kirkland,*  of  Massachusetts, 
on  the  cost  of  spraying  trees,  mostly  woodland  trees.  In  general  the 
cost  is  20  to  45  cents  each  for  spraying  trees  averaging  35  to  60  feet  in 
height. 

Doctor  Fdt  states  that  the  trees  in  Albany,  which  present  a  wide  range 
in  size,  were  sprayed  dtiring  the  season  of  1898  at  the  low  cost  of  15  cents 
per  tree.  He  reports  later*  that  the  trees  in  Lansingburg,  New  York, 
were  sprayed  at  a  cost  price  to  the  contractor  of  about  23  cents,  while 
in  Troy  the  same  contractor  charged  50  to  60  cents  for  individual  trees 
here  and  there  throughout  the  city. 

In  Albany  the  trees  were  sprayed  in  1901  at  an  average  cost  of  22  cents 
each  when  5  pounds  of  Bowker's  disparene  to  100  gallons  of  water  was 
used.  The  average  niunber  of  trees  sprayed  each  day  by  each  outfit 
was  forty. 

The  city  of  Saratoga  Springs  sprayed  its  maple  trees  in  1900  at  an 
average  cost  of  17}  cents  per  tree.  These  trees  were  sprayed  for  the 
forest  tent-caterpillar,  and  the  spraying  did  not  require  so  much  time 
and  material  as  would  have  been  needed  for  the  elm  leaf-beetle. 

PROPER  TIME  FOR  SPRAYING 

The  first  spraying  should  be  done  just  as  soon  as  the  leaves  are  three 
fourths  grown  or  larger,  and  as  soon  as  the  characteristic  feeding-holes 

*  Bulletin  ao.  New  York  State  Museum.  1898.  p.  22. 

*  Third  Annual  Report  of  Sui>ertntendent  for  Suppressing  the  Gip^y  and  Brown  tail  Moths.  I908> 
pp.  140-159- 

*  Seventeenth  Report  New  York  State  Entomologist,  1901,  p.  739- 
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of  the  beetles  appear.  The  beetles  come  from  their  winter  hibernating 
places  in  early  spring  as  the  leaves  are  beginning  to  push  out,  and  in  a 
few  days  they  begin  to  eat  holes  in  the  leaves  (Fig.  172).  This  is  the  time 
when  the  first  spraying  should  be  done. 

This  time  will  vary  with  the  earliness  or  lateness  of  the  season.  In 
191 1  the  first  spraying  was  begun  on  May  16,  while  in  1912  spraying  was 
not  begun  until  June  13.  This,  however,  was  a  few  days  later  than 
the  work  would  have  been  begun  had  it  been  purposed  to  make  two  appli- 
cations.   In  making  the  first  application  no  particular  attention  need  be 

paid  to  coating  the  imdersides  of  the  leaves, 
since  the  beetles  eat  holes  entirely  through  the 
foliage. 

The  second  spraying  should  be  done  as  the 
eggs  begin  to  hatch,  which  will  be  about  three 
weeks  after  the  first  application.  In  191 1  the 
second  spraying  was  begun  nearly  four  weeks 
after  the  first,  but  probably  it  should  have 
been  begun  somewhat  earlier.  In  making  this 
application  special  pains  should  be  taken  to 
coat  the  undersides  of  the  leaves.  The  grubs  of 
the  beetle  work  on  the  lower  sides  of  the  leaves 
almost  entirely,  and  in  order  to  kill  the  insects 
before  they  have  done  serious  injury  the  poison 
should  be  on  the  imderside. 

The  first  injury  noticed  by  the  grubs  is  likely 
to  be  in  the  tops  of  the  trees,  although  the 
grubs  have  been  seen  seemingly  as  abimdant 
and  injurious  on  the  lower  branches  as  higher 

Pig.  i72,---Adultbeeaes  eating  Nevertheless,  the  writer  would  emphasize 

leaj  tn  spring  ^  -  .         - 

the  importance  of  reaching  the  topmost  branches 

with  the  spray-     If   a   few  grubs  are  left    in   these   branches   they  will 

eventually  transform  and  furnish  a  crop  of  adult  beetles  for  succeeding 

years. 

The  writer  would  also  emphasize  the  necessity  of  spraying  early  for 

beetles  and  for  grubs.     If  the  beetles  or  a  large  percentage  of  them  are 

killed,  not  many  eggs  will  be  deposited;  while  the  grubs  are  much  more 

easily  killed  when  yotmg  than  when  two  thirds  or  three  fourths  grown. 

AMOUNT  OP  POISON  TO  USE  AND  NUMBER  OP  TIMES  TO  SPRAY 

As  already  stated,  the  trees  were  sprayed  twice  diuing  the  first  season 
of  the  work  and  the  mixture  used  was  3  pounds  and  3^  pounds,  respectively, 
of  paste  arsenate  of  lead  to  50  gallons  of  water.     The  brand  of  arsenate 
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of  lead  used  contained  about  15  per  cent  arsenic  oxid.  When  powdered 
arsenate  of  lead  was  used,  the  proportion  was  i^  pound  to  50  gallons 
of  water. 

Other  experimenters  recommend  the  use  of  4  pounds  of  paste  arsenate 
of  lead  to  50  gallons  of  water.  A.  F.  Biu^ess,  who  has  had  much  experi- 
ence in  combating  the  gipsy  moth  and  the  elm  leaf-beetle,  says  that 
•*  the  cheapest  and  most  satisfactory  remedy  for  the  gipsy  moth  and  the 
elm  leaf-beetle  consists  in  thoroughly  spraying  the  trees  with  arsenate 
of  lead,  using  10  poimds  to  100  gallons  of  water,  as  early  in  the  spring 
as  there  is  sufficient  foliage  to  hold  the  poison."  Mr.  Biu^ess*s  aim  is 
to  use  a  large  amount  of  arsenate  of  lead  and  to  spray  but  once.  The 
writer  thinks  this  is  a  good  practice  to  follow  after  one  year  of  thorough 
work.  If  the  elms  in  a  town  or  city  have  been  neglected  and  allowed 
to  suflfer  for  several  seasons  from  the  ravages  of  the  beetle,  the  writer 
thinks  it  would  be  desirable  to  give  two  sprayings  the  first  season  of 
treatment,  using  in  each  application  3  to  3  J  pounds  of  poison  to  50  gallons 
of  water.  Thereafter,  probably  one  thorough  spraying  after  the  leaves 
are  fairly  well  out,  using  4  to.  5  pounds  of  arsenate  of  lead  to  50  gal- 
lons of  water,  would  suffice.  That  practice  has  been  followed  and  has 
satisfactorily  controlled  the  beetle. 

To  summarize,  it  would  seem  that  3  to  5  poimds  of  arsenate  of  lead  to 
50  gallons  of  water,  with  two  applications  the  first  year  of  the  fight  and 
one  thereafter,  are  sufficient. 

life  history  and  habits  of  the  elm  leaf-beetle 

Appearance  and  work  of  the  beetle 

The  insect  is  about  one  fourth  of  an  inch  long.  In  general  it  is  yellow- 
ish or  brownish  yellow  in  color,  with  a  dark  line  along  each  side  of  its 
back.  Its  color  varies  somewhat,  and  the  over-wintering  beetles  are  often 
so  dark-colored  that  the  brownish  yellow  almost  disappears  and  the  dark 
lines  are  hardly  noticeable.  In  its  normal  coloring  it  is  qtdte  likely  to 
be  confused  with  the  common  striped  cuctmiber  beetle,  although  it  is 
considerably  larger. 

When  the  beetle  first  awakens  in  the  spring  from  its  long  winter  sleep 
it  flies  to  the  elm  trees  just  bursting  into  leaf  and  takes  its  first  meal  by 
eating  small,  irregular  holes  through  the  yoimg,  tender  leaves  (Fig.  172). 

Story  of  its  life 
In  the  fall  of  the  year  many  of  the  full-grown  beetles,  when  searching 
for  snug  crannies  in  which  to  pass  the  \vinter,  find  their  way  into  dwelling- 
houses,  congregating  especially  in  attics  where  they  are  often  foimd  by 
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the  score.  Housekeepers  are  sometimes  alarmed  when  they  see  so  many 
of  these  beetles  crawling  on  their  windowpanes,  walls,  and  ceilings, 
thinking  that  probably  here  is  another  household  pest.  Fortunately, 
so  far  as  the  writer  is  aware,  these  insects  do  not  injure  household  articles 
of  any  description.  Other  individuals  hide  under  loose  pieces  of  bark 
on  trees,  in  cracks  in  fences  and  telegraph  poles,  in  outhouses,  sheds,  and 
any  other  sheltered  places  that  they  are  able  to  find.  Here  they  remain 
in  a  quiet,  inactive  condition  through  the  long  winter  months.  With 
the  warm  days  of  spring  the  beetles  awake  and  b^^  crawling  about 
on  the  walks  and  on  the  windowpanes. 

As  soon  as  the  leaves  of  the  elm  begin  to  appear  the  insects  fly  to  the 
trees  for  their  first  spring  meal.  After  feeding  for  some  time  they  deposit 
their  conspicuous  orange-colored  eggs  (Fig.  173)  in  clusters  of  five  to 
twenty-five  on  the  imdersides  of  the  leaves.  The  egg  is  flask-shaped,  and 
stands  upright  with  its  larger  end  attached  to  the  leaf.  The  ^gs  hatch 
in  five  or  six  days  during  hot  weather,  but  in  cool  weather  this  period  may 
be  prolonged  several  days.  The  grubs  eat  ravenously,  increase  rapidly 
in  size,  and  complete  their  growth  in  fifteen  to  twenty  days.  When  full- 
grown  they  either  crawl  down  the  trunk  of  the  tree  or  drop  from  the 
ends  of  the  branches.  At  the  bases  of  the  trunks  many  of  the  larvae 
transform  into  the  yellow  pupae  (Fig.  176).  Sometimes  they  are  so 
niunerous  that  the  pupae  lie  an  inch  deep  about  the  foot  of  the  tree. 
Other  larvae  undergo  transformation  in  crevices  of  the  bark,  espe- 
cially if  the  trunk  of  the  tree  is  rough;  others  go  to  gutters;  while  still 
others  seek  shelter  in  crevices  of  the  sidewalk  and  wherever  they  can 
find  hiding-places.  The  quiet,  inactive  pupae  lie  motionless  for  six  to 
ten  days  and  then  transform  into  adult  beetles,  thus  completing  the  life 
round  of  one  generation. 

Observations  on  the  life  cycle  and  number  of  generations  at  Ithaca 

During  the  last  week  in  April  in  191 1  the  beetles  became  active  and 
were  especially  evident  on  the  windowpanes  of  dwelling-houses.  By 
May  2  the  elm  trees  were  blooming  and  the  leaf  buds  were  beginning 
to  show  green.  By  May  11  the  trees  were  beginning  to  come  into  leaf 
rapidly  and  some  were  fairly  well  in  leaf.  The  beetles  were  present  at 
this  time  on  the  leaves  and  were  eating  ravenously.  On  May  16  egg^ 
were  foimd  on  the  leaves;  they  were  probably  deposited  a  few  days  earlier. 
On  May  18  eggs  were  found  in  some  abundance  on  the  English  elms. 
On  May  22  the  first  eggs  were  hatching;  dxiring  the  succeeding  two 
weeks  the  eggs  were  hatching  in  abtmdance.  By  June  18  a  few  larvae 
were  foimd  pupating,  and  from  that  time  into  the  first  week  in  July 
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Fig.  173. —  Eggs,  natural  size,  and  much  enlarged 


Fig.  174, —  Young  grubs  eating  leaf 


'  rrr']  ' 

Fig.  176.—  Pupa  of  the 
elm  leaf-beetle 


Fig.  175. —  Grubs  nearly  grown 

rPiguret  173.  174.  I7S.  177.  X80.  and  x8x  are  from  photograph*  by  the J^^^|Jb7v^ff^W'tl^ 
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the  larvae  pupated  in  abundance.     Several  adult  beetles  were  observed 
emerging  from  scores  of  pupag  at  the  bases  of  trees  on  July  8. 

On  July  1 7  many  beetles  were  noted  on  the  leaves  of  the  elms,  but  no 
^gs  were  found.  On  July  20,  however,  H.  H.  Knight  discovered  a  bunch  of 
twelve  eggs  that  had  been  deposited  by  a  beetle  found  in  the  field  on  July  8. 
This  beetle  had  been  confined  in  a  cage  in  the  insectary.  On  July  27 
and  July  30  Mr.  Knight  found  an  abimdance  of  eggs  of  the  second  brood 
on  some  English  elms  in  the  city  of  Ithaca.  Some  of  these  eggs  were 
already  hatching,  which  showed  that  they  had  been  deposited  several 
days  earlier.  By  the  first  week  in  August  the  eggs  of  the  second  brood 
were  hatching  in  abundance.  The  English  elms,  on  which  the  eggs  were 
found,  had  been  practically  defoliated  by  the  first  brood,  not  having 
been  sprayed;  these  trees  had  put  forth  a  growth  of  new  leaves.  By 
September  i  many  larvae  had  left  the  trees  and  a  few  pupae  were  found 
at  the  bases  of  the  English  elms.  Most  of  the  pupae  of  this  second  brood 
were  destroyed  by  the  fungus  Sporotrichum  globuliferum.  It  is  possible 
that  there  is  a  partial  third  brood  in  Ithaca  in  favorable  seasons,  such 
as  that  of  191 1,  for  example.  The  history  of  the  beetle  was  not  followed 
in  detail  further  than  the  first  week  in  September  during  that  season, 
but  in  the  latter  part  of  September  the  writer  noted  what  were  apparently 
nearly  full-grown  larvae  on  elm  leaves.  These  were  possibly  the  larvae 
of  the  third  brood. 

Doctor  Felt*  has  noted  a  partial  third  generation  under  favorable  con- 
ditions in  the  vicinity  of  Troy  and  Albany. 

In  19 1 2  the  conditions  were  very  different  from  those  in  191 1,  for  the 
beetles  appeared  much  later  in  the  season.  In  fact,  they  appeared  so 
late  that  it  was  thought  they  were  not  coming  in  any  abundance  and 
would  do  no  great  harm.  They  came  late  in  the  season,  however,  and 
did  considerable  damage  where  no  spraying  was  done. 

In  1910  the  writer  stated,  **  Our  observations  show  that  in  Ithaca 
we  have  one  generation,  with  a  possible  second,  the  latter,  however, 
being  so  small  as  to  cause  no  serious  damage.'"  The  observations  on 
which  this  statement  was  founded  were  made  in  19 10.  The  season  of 
1910  was  similar  to  that  of  1912,  in  which  the  beetles  appeared  late. 
In  19 10  and  191 2  the  second  generation  was  apparently  small  and  did 
little  damage,  especially  on  the  American  elms  where  these  observations 
were  made.  This  is  a  fair  illustration  of  the  absurdity  of  drawing  general 
conclusions  and  deducing  general  principles  regarding  the  activities  of 
an  insect,  from  observations  carried  on  during  only  one  season.  More- 
over, it  would  seem  that  these  insects,  at  least  in  Ithaca,  are  much  more 

>  Bulletin  30,  New  York  State  Mtnetnn.  1898.  p.  13. 

*  Circular  No.  8,  Cornell  University  Agricultural  Experiment  Station.  19x0.  p.  4. 
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abundant  on  English  dms  and  that  they  pass  through  their  life  cycle 
somewhat  faster  on  these  trees  than  on  American  elms.  Therefore, 
observations  confined  to  individuals  occurring  on  American  elms  might 
lead  to  conclusions  concerning  the  rapidity  of  development  and  num- 
ber of  broods  different  from  those  resulting  if  individuals  occurring  on 
English  elms  were  observed. 
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THE  ELM  LEAF-MINER 

(Kaliosyspkinga  ulmi  Sund.) 

The  Scotch  and  English  ebns  and  the  Camperdown  ehns  are  subject 
to  the  attacks  of  the  l^^a  of  a  small  sawfly,  which  mines  the  tissues 
of  the  leaves.  Up  to  191 1  no  adequate  or  effective  method  of  control 
of  this  miner  had  been  found,  so  far  as  the  writer  is  aware. 

CONTROL  MEASURES 

Recalling  the  penetrating  power  of  certain  contact  insecticides,  it 
occurred  to  the  writer  that  possibly  the  larvae  might  be  killed  in  their 
mines  in  the  leaves  before  they  caused  much  injury.     It  was  with  a 

rather  forlorn  hope,  how- 
ever, that  a  fine,  small 
Scotch  elm,  which  had 
been  badly  injured  by 
miners  in  previous  years, 
was  sprayed  in  the  spring 
of  1911.' 

The   material    applied 
consisted    of     **  Black-leaf 

^    ^  .         -  ,     .       ,    40 "     tobacco     extract, 

Fig,  177^- The  European  dm  sawfly,  much  enlarged    ^j^^   ^^   ^j^^    ^^    ^^    ^ 

pint  to  icx>  gallons  of  water,  with  9  potmds  of  laundry  soap  dissolved 
and  added  to  the  mixture.  It  was  the  intention  to  use  but  8  poimds  of 
soap  to  100  gallons  of  the  mixture,  but  by  mistake  9  potmds  was  added. 
The  application  was*  made  in  May,  191 1,  just  as  the  tiny  mines  had 
begun  to  show  in  the  leaves.  The  effect  was  certainly  surprising.  Many 
of  the  sprayed  leaves  were  examined  diuing  the  succeeding  few  days  and 
every  larva  was  foimd  dead.  Each  one  had  evidently  been  killed  at 
once,  the  mines  on  the  sprayed  leaves  not  having  been  perceptibly 
enlarged.  The  contrast  later  in  the  season  between  the  topmost 
branches,  which  could  not  be  reached,  and  the  lower  branches  was  very 
marked  (Figs.  178  and  179).  The  leaves  not  sprayed  were  almost 
completely  mined  and  became  withered  and  most  unsightly. 

In  191 2  these  experiments  were  repeated  on  a  much  larger  scale,  there 
being  several  English  elms  on  the  imiversity  campus  that  had  been  badly 
injiu-ed  for  several  years.  A  row  of  such  elms  extends  along  a  stone 
wall  bordering  University  Avenue.  These  trees  were  set  by  the  founder 
of  the  University,  Ezra  Cornell.  They  had  suffered  severely  from  attacks 
of  the  leaf-beetle  and  the  miner.  Some  of  them  had  been  so  badly  in- 
jured  that  they  had  been  cut  out,  while  those  remaining  bore  many 

>  Jottmal  of  BoooomSc  Entomology,  voL  s*  no.' a,  April,  X9xa.  pu  X7I«] 

Digitized  by  VjOOQ IC 


Control  op  Two  Elm-Tree  Pests 


S09 


Fig.  178. —  Unspraytd  leaves  infested  with  the  miner 


dead  branches  and  were  in  a  weak,  dying  condition.  These  trees  were 
sprayed  thor- 
oughly with 
"Black-leaf" 
tobacco  ex- 
tract, 3  gallons 
to  200  gallons 
of  water,  with 
10  pounds  of 
fish-oil  soap 
and  8  pounds 
of  arsenate  of 
lead.  "Black- 
leaf  "  tobacco 
extract  con- 
tains only  2.7 
per  cent  nico- 
tine and  is 
usually  diluted 
at  the  rate  of 

I  gallon  to  70  or  80  gallons  of  water.    In  these  experiments  the  mixture 

was  slightly 
stronger  than  this, 
because  of  the 
necessity  of 
thorough  work. 

Owing  to  diffi- 
culty with  the  pump 
and  the  engine 
there  was  a  delay 
of  a  day  or  two  in 
getting  to  these 
trees,  and  some  of 
the  larger  larvae 
were  not  killed  so 
soon  as  had  been 
expected.  The 
tobacco  must  have 
worked  on  them 
Pig.  1 79. —  Sprayed  leaves  from  the  same  tru  slowly,    however, 

for  the  trees  made 
better  growth  than  they  had  before  in  some  years,  and  looked  in  the  fall 
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as  though  they  had  taken  a  new  hold  on  life  (Fig.  171).  A  row  of  the 
same  kind  of  trees  of  about  the  same  age,  not  far  from  these,  nearly  all 
died  during  the  summer  and  were  cut  down  (Fig.  170).  It  is  evident 
that  the  "Black-leaf"  extract  does  not  work  so  fast  as  does  the 
"Black-leaf  40." 

Eight  other  trees  were  sprayed  on  May  28  with  "  Black-leaf  40  "  (which 
contains  40  per  cent  nicotine),  at  the  rate  of  i  pint  to  100  gallons  of  water, 
with  5  pounds  of  fish-oil  soap  and  3  potmds  of  powdered  arsenate  of  lead 
added.  These  trees,  which  had  been  badly  injured  by  the  miner  in  pre- 
ceding seasons,  were  in  good  condition  at  the  end  of  this  season.  All  the 
young  miners  and  many  of  the  older  ones  were  killed  at  once  in  their 
mines.  Here  and  there,  where  the  leaves  had  not  been  thoroughly  coated 
with  the  mixture,  some  of  the  larvae  that  were  larger  and  older  at  the 
time  of  spraying  escaped. 

One  Camperdown  elm  was  sprayed  thoroughly.  It  was  low  and  the 
leaves  could  be  coated  thoroughly  on  both  sides.  The  miners  were  com- 
pletely held  in  check  on  this  tree. 

On  the  whole,  the  work  showed  that  this  pest  of  the  Eim)pean  elms 
can  be  held  in  check  if  taken  at  the  proper  time.  The  trees  must  be 
sprayed  early,  just  as  soon  as  the  tiny  mines  begin  to  show  in  the  leaves. 

The  **  Black-leaf  40,"  i  pint  to  100  gallons  of  water  with  5  pounds 
of  soap,  seems  to  be  more  effective  than  the  **  Black-leaf.**  One  great 
advantage  of  these  tobacco  extracts  is  that  the  arsenate  of  lead  may  be 
added  for  the  leaf-beetle,  thus  obviating  the  necessity  of  a  separate  spray- 
ing for  each  insect. 

It  might  be  well  to  say  that  **  Black-leaf  40  *'  is  a  tobacco  extract 
manufactiu-ed  by  the  Kentucky  Tobacco  Product  Company,  Louisville, 
Kentucky.  It  may  be  bought  from  that  firm  direct,  or  it  may  be  pro- 
ciu-ed  from  several  distributing  agents  in  the  State.  It  is  sold  by  the 
Leadley  Drug  Company,  Batavia,  the  Rex  Company,  Rochester,  and  the 
Parsons  Drug  Company,  Albion.  The  price  is  $12.50  per  gallon  or 
$1.85  per  pint.  When  it  is  diluted  at  the  rate  of  i  pint  to  100  gallons 
of  water,  however,  it  costs  no  more  than  lime-sulfur  or  other  contact 
insecticides. 

LIFE   HISTORY  OP  THE   ELM   LEAF-MINER 

The  adult  insect  is  a  small,  shining  black  sawfly  about  one  eighth  of 
an  inch  in  length.  The  wings  expand  about  one  third  of  an  inch.  In 
the  latter  part  of  May  the  sawflies  may  be  seen  on  the  leaves  of  the  elm. 
They  are  not  shy  and  can  often  be  picked  up  with  the  fingers. 

The  tiny,  milk-white  eggs  are  thrust  by  the  female  into  the  tissues 
of  the  leaf  from  the  upper  side.    They  hatch  in  about  one  week  and  the 
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young  larvae  begin  their  mines  at  once.    The  majority  of  the  eggs  are 
probably  deposited,  in  most  seasons,  in  the  middle  of  May. 

The  larvae  grow  rapidly,  and  by  July  i  all  have  practically  completed 
their  growth  and  gone  into  the  groimd  under  the  tree.  Here  they  burrow 
downward  an  inch  or  less  and  soon  make  a  thin,  brown,  papery  cocoon 
in  which  they  hibernate  imtil  the  next  May.  Apparently  they  pass  the 
winter  as  larvae,  changing  into  pupae  in  the  spring.  Thus  there  is  but 
one  brood  a  year. 


Pig.  i8o. —  Larv<B  of  elm  leaf -miner  ^  much 
enlarged 


Pig.  i8i. —  Three  eggs  of  elm  leaf- 
miner    stuck   in   leaf.      Much 


enlarged 


NATURE   OP   INJURIES    CAUSED   BY  THE   ELM    LEAP-MINER 

The  work  of  this  miner  becomes  very  conspicuous  in  June.  The  leaves 
become  blotched  and  blistered  by  the  mines  of  the  larvae.  Several  miners 
usually  attack  a  single  leaf  and  their  mines  cjventually  coalesce  and  form 
large,  whitish  blisters  (Fig.  178).  Often  the  inner  tissues  of  nearly  the 
whole  leaf  are  mined  out,  forming  a  blister  over  the  entire  area  of  the 
leaf.  The  leaves  then  wither  and  turn  brown  and  the  tree  looks  as  though 
it  had  been  scorched  by  fire.  Unless  the  leaves  are  wholly  mined  they 
remain  on  the  tree.  Small  trees  are  often  almost  defoliated,  especially 
small  Camperdown  elms.  A  half  dozen  small  English  elms  standing  in 
a  group  on  the  campus  have  been  most  seriously  injured  for  several 
seasons. 
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JUDICIOUS  PLANTING  AS  AN  AID  IN  THE  CONTROL  OF 

THESE   PESTS 

In  view  of  the  wide  and  serious  injury  to  shade  trees  by  many  different 
insects,  it  becomes  pertinent  to  discuss  some  general  prind'  les  of  control 
of  such  pests.  In  the  first  place,  it  is  imwise  to  depend  almost  entirely 
on  one  species  of  tree  for  shade  or  ornament.  The  very  existence  of 
the  American  elm,  for  example,  in  the  eastern  United  States  at  least, 
is  threatened  by  two  serious  pests,  the  elm  leaf-beetle  and  the  leopard 
moth.  Probably  the  elm  leaf-beetle  could  be  controlled  if  every  owner 
of  elm  trees  would  spray.  It  is  quite  probable  that  the  leopard  moth 
cannot  be  controlled  and  that  eventually  the  elms  will  succimib  to  these 
two  pests.  The  trees  have  already  disappeared  from  the  Harvard  Yard 
as  a  result  of  the  ravages  of  these  insects.  The  sugar  maples  are  becoming 
more  and  more  subject  to  serious  injuries  from  borers.  Many  fine  trees 
are  dying  each  year  and  there  seems  to  be  no  help  for  the  situation. 
The  graceful  white  birches  are  going  one  by  one  as  a  result  of  the  ravages 
of  the  bronze  birch  borer,  while  the  hickories  are  hard  beset  by  the  hickory 
bark-borer. 

With  these  facts  in  mind,  it  is  important  to  give  careful  and  thoughtful 
consideration  of  the  question  of  the  wise  selection  and  planting  of  shade 
trees.  A  city  in  which  the  streets  are  planted  only  to  elms  and  maples  is 
likely  to  be  without  shade  trees  in  the  near  futiu^.  The  wide  planting 
of  one  kind  of  tree  over  considerable  territory  forms  ideal  conditions 
for  the  increase  and  spread  of  an  extended  outbreak  of  an  injurious 
species  of  insect.  On  the  other  hand,  if  adjacent  streets  are  planted  to 
different  varieties  of  shade  trees  an  outbreak  of  any  single  pest  can  be 
checked  and  controlled  much  more  easily.  Elms  and  maples  can  well 
be  supplanted  in  many  cases  by  oaks,  especially  the  pin  oak  and  the  red 
oak,  or  by  the  ginkgo  tree  —  a  handsome  but  rather  slow-growing  tree, 
and  one  remarkably  free  from  pests.  The  Norway  maples  make  fine 
shade  trees,  and  so  do  the  linden,  the  horse-chestnut,  and  the  American 
ash. 
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A  STUDY  OP  SOME  FACTORS  INFLDENCING  THE  YIELD  AND 
THE  MOISTURE  CONTENT  OF  CHEDDAR  CHEESE 

W.  W.  FisK 

{Received  for  publication  April  r,  1913) 

In  order  to  make  cheddar  cheese  of  good  qtiality,  the  cheese-maker 
must  maintain  the  proper  relationship  between  the  amount  of  acid  and 
the  amotmt  of  moisture  in  the  cheese.  If  too  much  moisture  is  present 
it  will  cause  the  cheese  to  be  soft  and  weak-bodied.  An  excess  of  moisture 
is  likely  also  to  cause  cheese  to  **  shelf-sour,"  owing  to  the  large  amount 
of  milk  sugar  present  in  the  whey.  Since  the  whey  is  retained  as  moisture 
this  milk  sugar  gradually  changes  to  lactic  acid,  due  to  the  action  of  the 
bacteria  present.  If,  on  the  other  hand,  a  sufficient  amount  of  moisture 
is  not  present,  the  cheese  becomes  hard  and  dry  in  texture  and  requires 
a  much  longer  time  in  which  to  ripen.  In  order  to  obtain  the  best  cheese 
possible  a  proper  relationship  must  exist  between  the  acidity  and  the 
moisture.  After  the  rennet  extract  is  added,  the  cheese-maker  practically 
loses  his  control  of  the  acidity  but  he  can  watch  its  development  with 
various  acid  tests.  The  cheese-maker  must  now  direct  his  efforts  toward 
maintaining  the  proper  amoimt  of  moisture  for  the  amount  of  acid  present. 
In  order  to  do  this  the  cheese-maker  must  use  sldll;  as  there  are  no  quick 
methods  of  determining  the  amount  of  moistiure  in  the  curd,  he  must  rely 
on  the  special  senses,  sight  and  smell  and  touch.  There  are  certain 
practices,  common  with  cheese-makers,  which  they  believe  will  increase 
or  decrease  the  amount  of  moisture  in  cheese. 

It  is  the  object  of  this  study  to  determine  which  of  these  practices 
increase  and  which  decrease  the  amount  of  moisture  retained  in  the  cheese, 
and  to  what  extent  such  practices  increase  or  decrease  the  moisture. 
Some  of  the  factors  studied  are  within  the  control  of  the  cheese-maker 
and  some  are  not. 

PLAN   OP    INVESTIGATION   AND   METHOD   OP    PROCEDURE 

It  was  planned  to  make  cheese  xmder  various  well-defined  conditions; 
to  keep  record  of  each  step  of  the  process;  to  keep  record  of  the  losses  of 
fat  in  the  whey;  to  weigh  the  cheese  when  taken  from  the  hoop  and  again 
after  being  cured;  to  compute  the  yield;  and  to  make  moisture  determina- 
tions of  the  green  and  of  the  cured  cheese. 

For  this  work  a  twin  vat  was  used  whenever  possible,  in  order  that 
the  same  temperature  might  be  maintained  in  each  vat.  In  the  study  of 
some  factors,  however,  it  was  not  possible  to  use  the  twin  vat,  and  in  that 
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case  two  small  vats  were  used.  This  will  be  noted  in  the  discussion  of 
each  experiment. 

The  milk  used  was  mixed  herd  milk  delivered  to  the  college  cheese 
factory  by  its  patrons.  This  milk  was  run  into  a  large  vat  and  ripened 
to  the  desired  acidity;  an  equal  amount  was  then  placed  in  each 
of  the  small  vats.  The  milk  in  the  large  vat  was  stirred  continuously 
while  the  small  vats  were  being  filled,  in  order  that  the  milk  in  each  vat 
should  contain  the  same  percentage  of  fat.  The  sample  of  milk  to  be 
tasted  for  fat  was  taken  while  the  milk  was  flowing  from  the  large  vat. 
The  sample  of  whey  to  be  tested  for  fat  was  taken  in  three  parts  while 
the  whey  was  being  removed  from  the  vat.  All  determinations  of  acid 
were  made  by  direct  titrations  with  an  acid  test.  In  case  there  were 
no  drippings  from  the  vat,  the  hot  iron  test  was  used.  The  tem- 
peratures were  taken  with  an  ordinary  floating  dairy  thermometer  that 
had  been  tested  with  a  standard  thermometer;  one  of  these  floating 
thermometers  was  placed  in  each  vat. 

The  time,  acidity,  and  temperature  of  each  step  of  the  work  were  care- 
fully recorded  on  a  lot  card  similar  to  the  one  shown  below.  One  of  these 
cards  was  entirely  filled  out  with  each  vat.  This  was  an  easy  method 
of  filing  the  results  of  the  experiment,  and  when  the  moistiure  determina- 
tions were  made  they  were  placed  on  the  backs  of  the  cards  so  that  all 
the  data  from  each  vat  and  each  cheese  were  on  a  single  card.  The  next 
morning  after  the  cheeses  were  made,  they  were  taken  from  the  hoops, 
weighed,  and  placed  in  the  curing  rooms,  where  they  were  held  at 
about  atmospheric  temperatures. 
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adding  starter. . . 
adding  rennet — 

ooagulation 

cutting 

turning  on  steam, 
turning  off  steam. 

dipping 

packing 
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salting 

hooping 

pressing 

dressing 


Mlmstcs 


Total  time  from  \ 
settii^  to  pressing  / ' 
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In  milk 
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when  rennet  added 
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at  pressing. 
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Hot  Iron  test 
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Color 
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Salt 
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percent  total  milk- 1  Work  and 
fat  lost  in  whey  I     observations  by 
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Weight  of  cheese  when  removed  from  press  to  curing  room Jbs.    No 
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1  lb.  cheese  ^    100  lbs.  milk 
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lb.  fat  in  milk        — „ Jb.  total  solids 

If  comments  are  added  on  reverse  side  put  cross  here. 

Work  and  observations  by 

Samples  for  the  determination  of  moisture  were  taken  after  the  cheeses 
had  been  in  the  curing  rooms  for  three  days.  In  taking  these  samples 
three  plugs  were  removed  from  each  cheese,  one  near  the  center,  one 
near  the  outside,  and  a  third  between  the  other  two.  The  three  plugs 
were  placed  in  a  bottle  with  a  groimd  glass  stopper.  When  ready  to 
weigh  out  the  sample,  a  few  minutes  later,  the  stopper  was  removed  and 
the  plugs  were  chopped  fine  and  mixed  with  a  knife.    About  five  grams 
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of  this  mixed  sample  was  placed  in  a  glass  dish  and  weighed  accurately 
to  .0001  of  a  gram.  This  was  done  in  duplicate.  The  dishes  were  then 
put  into  a  hot-water  oven  and  dried  imtil  they  had  reached  a  constant 
weight.  They  were  then  reweighed,  and  the  loss  of  weight  was  calculated 
as  moisture.  If  these  two  samples  did  not  check  within  one  tenth  of 
one  per  cent,  another  determination  was  made.  The  average  loss  of 
the  duplicate  samples  was  taken  as  the  amount  of  water  in  the  cheese. 

The  cheeses  were  paraflBned  as  soon  as  ready — usually  when  about  four 
days  old — boxed,  and  left  at  atmospheric  temperature.  As  soon  as  they 
were  well  cured,  when  about  four  months  old,  moisture  determinations 
were  again  made  of  the  cured  cheese.  This  was  done  in  the  same  manner 
as  in  the  case  of  green  cheese.  The  cheeses  had  been  held  at  so  high  a 
temperature  for  so  long  that  it  was  not  possible  to  make  moisture  deter- 
minations of  all  of  them  after  they  were  cured,  but  as  many  as  possible 
were  done. 

After  the  moisture  determinations  had  been  made  of  the  cured  cheese 
it  was  scored  by  an  expert  judge.*  He  knew  nothing  of  the  manner 
in  which  the  cheeses  had  been  made,  but  merely  scored  them  as  he  would 
cheeses  for  market.    He  gave  each  cheese  a  perfect  score. 

In  the  study  of  the  various  factors  it  was  suggested  that  milk  at  dif- 
ferent seasons  of  the  year  might  possibly  affect  the  results;  therefore, 
half  the  work  was  done  in  early  spring  and  the  remainder  in  summer.  In 
doing  the  work,  one  vat  was  worked  normally  and  the  second  vat  was 
worked  exactly  the  same  except  that  the  factor  which  was  being 
studied  was  varied. 

The  following  factors  were  studied: 

1.  Effect  of  coarse-  and  of  fine-cut  curd. 

2.  Effect  of  high  and  of  low  setting  temperature. 

3.  Effect  of  a  high  and  of  a  low  acid  in  the  whey. 

4.  Effect  of  stirring  the  curd  with  the  hand  as  the  last  of  the  whey 

is  removed,  and  of  not  stirring  it. 

5.  Effect  of  slow  and  of  fast  pressure. 

6.  Effect  of  piling  the  curds  high  and  of  piling  the  ciuxis  low  during 

the  cheddaring  process. 

7.  Effect  of  large  and  of  small  quantities  of  salt. 

8.  Effect  of  temperature  at  whidi  the  curd  is  held  after  the  whey 

is  removed. 

9.  Effect  of  different  amounts  of  rennet. 

ID.  Effect  of  cutting  curd  hard  and  of  cutting  curd  soft 
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influence  op   coarse-cut  curds  and  op  pine-cut   curds   on  the 
yield  and  the  moisture  content  of  the  cheese 

In  the  study  of  this  factor  the  twin  vat  was  used,  and  both  vats  were 
run  exactly  alike  except  that  one  was  cut  with  a  one-half-inch.  per- 
pendicular, blade  knife  and  the  other  with  a  five-sixteenths,  perpen- 
dicular, wire  knife.  Both  vats  were  cut  with  the  same  one-half-inch, 
horizontal,  blade  knife.  In  each  determination  the  vats  were  identical 
except  for  the  cutting;  but  the  amount  of  acid  used,  the  fat  in  the  milk, 
and  the  length  of  time  varied  from  day  to  day. 

In  the  study  of  this  factor  3  ounces  of  rennet  extract  and  2  pounds  of 
salt  were  used  to  1,000  poimds  of  milk. 

The  table  on  page  519  shows  that  if  curd  is  cut  fine  the  yield  of  cheese 
is  reduced,  owing  to  the  smaller  percentage  of  moisture  and  the  larger  loss 
of  fat  in  the  whey.  Of  the  eleven  determinations  made,  every  one  shows 
the  same  general  result.  The  curd  cut  coarse  was  soft  and  mushy, 
while  the  curd  cut  fine  was  shotty  and  firm  when  the  whey  was  removed. 
The  average  score  shows,  however,  that  the  quality  of  the  cheese  was 
about  the  same,  with  a  slight  difference  in  favor  of  the  fine-cut.  The 
average  of  the  eleven  determinations  shows  that  the  curd  cut  coarse 
jdelded  .5  poimd  more  cheese  from  299.6  pounds  of  milk,  containing  .43 
percent  more  moisture  in  the  green  cheese,  and  that  it  lost  .03  per  cent 
less  fat  in  the  whey. 

The  following  summary,  calculated  from  the  figures  in  Table  i,  shows 
the  yield  of  cheese  from  coarse-  and  fine-cut  curd: 

Potmds  of  cheese  from  1,000  pounds  of  milk 

Green  cheese     Cured  cheese 

Coarse  cut 109.5  106.8 

Fine  cut 107 .0  105 .  i 

Potmds  of  cheese  for  i  poimd  of  fat  in  milk 

Green  cheese     Cured  cheese 

Coarse  cut 2.62  2.55 

Fine  cut 2 .  58  2 .  52 

The  foregoing  tables  show  that  1,000  poimds  of  milk  yielded  2.5  pounds 
more  green  cheese  and  1.7  poimd  more  cured  cheese  when  cut  with  the 
coarse  knife  than  when  cut  with  the  fine  knife.  This  shows  that  if  the 
curd  is  cut  fine  there  is  a  larger  loss  both  of  fat  in  the  whey  and  of 
moisttu^  than  if  it  is  cut  coarse. 
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INFLUENCE  OP   SETTING  THE   MILK   AT   HIGH  AND  AT    LOW  TEMPERATURES 

In  this  experiment  separate  vats  were  used,  and  the  milk  was  heated 
to  different  temperatures  at  the  time  of  adding  the  rennet.  All  other 
factors  were  the  same.  Both  vats  were  cut  at  the  same  time,  but 
the  vat  at  the  high  temperature  was  much  firmer.  In  this  experiment 
3  oimces  of  rennet  and  1.5  poimd  of  salt  were  used  to  1,000  pounds  of  milk. 

The  table  on  page  521  shows  that  the  vat  set  at  the  high  temperattire 
made  more  cheese.  The  average  of  the  ten  determinations  shows  that 
from  296.2  poimds  of  milk  1.37  pound  more  green  cheese  was  made,  and 
that  the  cheese  contained  1. 11  per  cent  more  moisture,  when  set  at  a  high 
temperature.  Setting  at  a  high  temperattue  reduced  the  loss  of  fat 
in  the  whey  .07  per  cent,  probably  because  the  curd  became  much  firmer 
when  cut.  The  quality  of  the  cheese  set  at  a  high  temperature  was 
not  so  good,  as  the  score  shows  an  average  of  1.85  point  less  than  the 
average  of  the  cheese  set  at  a  low  temperature. 

The  following  summary,  calculated  from  the  figures  in  Table  2,  shows 
the  yield  of  cheese  from  high  and  low  setting  temperatures: 

Poimds  of  cheese  from  1,000  poimds  of  milk 

Green  cheese     Cured  cheese 

High  temperature 109 . 9  104 . 6 

Low  temperature 105.3  101.7 

Pounds  of  cheese  from  i  pound  of  fat  in  milk 

Green  cheese     Cured  cheese 

High  temperature 2.65  2.53 

Low  temperature 2 .  54  2 .  46 

The  above  table  shows  that  from  1,000  pounds  of  milk  4.6  pounds 
more  green  cheese  was  made  when  the  milk  was  set  at  a  high  tem- 
perature than  when  set  at  a  low  temperature.  The  yield  of  green 
cheese  was  also  .11  pound  more  for  each  pound  of  fat  in  the  milk  when 
the  milk  was  set  at  a  high  temperature.  This  increase  was  prob- 
ably due  to  the  smaller  loss  of  fat  and  the  increased  percentage  of 
moisture. 

INPLUENCE  OP  A   HIGH  AND  OP  A   LOW  ACID   IN  THE   WHEY 

In  this  experiment  the  twin  vat  was  used.  There  was  the  same  amount 
of  acid  in  each  vat  at  the  time  of  setting;  both  were  cooked  to  the  same 
temperature,  but  one  vat  was  dipped  when  the  acidity  was  about  .16 
per  cent  and  the  other  was  dipped  when  the  acidity  was  about  .20  per 
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cent.  The  curd  in  the  vat  with  the  high  content  of  acid  was  in  the  whey 
about  an  hour  longer  than  the  other  curd,  and  thereby  became  much  firmer. 

Both  vats  were  milled  at  the  same  time,  but  the  one  with  the  high 
acid  in  the  whey  had  slightly  more  acid  when  milled.  In  this  ex- 
periment 3  ounces  of  rennet  extract  and  2  pounds  of  salt  were  used 
for  each  1,000  pounds  of  milk. 

The  table  on  page  523  shows  that  a  low  acid  in  the  whey  increases  both 
the  yield  and  the  quality  of  the  cheese.  The  average  of  the  ten  determina- 
tions shows  that  306.2  poimds  of  milk  yielded  .57  poimd  more  green  cheese 
and  .5  poimd  more  cured  cheese.  When  the  whey  was  removed  while 
the  acid  was  low,  the  moisture  was  increased  .62  per  cent  in  the  green 
and  1.5  per  cent  in  the  cured  cheese.  The  average  score  shows  that 
the  quality  of  the  cheese  was  about  the  same,  but  the  cheese  with  the 
high  content  of  acid  in  the  whey  scored  less  because  of  the  acid  texture. 

The  following  summary,  calculated  from  the  figures  in  Table  3,  shows 
the  yidd  of  cheese  when  high  or  low  acid  is  developed  in  the  whey: 

Poimds  of  cheese  from  1,000  pounds  of  milk 

Green  cheese     Cured  cheese 

High  acid 107 . 7  104.  i 

Lqw  acid 109 . 5  105 . 8 

Potmds  of  cheese  for  i  pound  of  fat  in  milk 

Green  cheese     Cured  cheese 

High  acid 2.57  2 .  48 

Low  acid 2.61  2.52 

The  above  table  shows  that  the  yield  of  cheese  from  i,ooo  poimds 
of  milk  is  increased  by  1.8  poimd  of  green  cheese  and  1.7  potmd  of  cured 
cheese  by  running  a  low  acid  in  the  whey.  This  is  probably  due  to  the 
increased  percentage  of  moisture  in  the  cheese.  The  yield  of  cheese 
for  I  poimd  of  fat  is  .04  pound  more  in  the  green  cheese  and  .04  pound 
more  in  the  cured  cheese  when  a  low  acid  is  developed  in  the  whey. 

INFLUENCE  OP  STIRRING  AND  OP  NOT  STIRRING  THE  CURD  WITH  THE  HAND 
AS  THE   LAST  OP  THE   WHEY   IS  REMOVED 

In  this  experiment  the  twin  vat  was  used.  Only  one  factor  was  varied: 
at  the  time  of  dipping,  one  vat  was  stirred  with  the  hand  and  the  other 
vat  was  not  stirred.  In  the  stirring,  the  same  practice  was  used  that 
is  common  with  the  cheese-maker  when  curd  is  not  firm  enough  at  the 
time  of  drawing  the  whey.    The  whey  was  drawn  down  to  the  surface 
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of  the  curd  and  the  curd  was  stirred  over  several  times,  and  then  the 
gate  was  opened  and  the  whey  allowed  to  run.  The  stirring  was  con- 
tinued until  all  the  whey  was  removed;  this  took  about  three  minutes, 
on  the  average.  Then  the  curd  was  piled  the  same  in  both  vats  and  these 
were  handled  in  the  same  manner  throughout  the  remainder  of  the  proc- 
ess. Both  vats  had  the  same  amount  of  acid  at  the  time  of  setting 
and  dipping,  but  the  vat  that  was  not  stirred  developed  a  trifle  more 
acid  at  the  time  of  milling. 

In  this  experiment  3  ounces  of  rennet  extract  and  2  pounds  of  salt 
were  used  to  1,000  poimds  of  milk. 

The  average  of  the  preceding  table  shows  that  from  293.2  pounds 
of  milk,  testing  4.22  per  cent  fat,  the  vat  not  stirred  as  the  whey  was 
removed  yielded  32.6  poimds  of  green  cheese  containing  36.98  per  cent 
of  moisture,  and  32  pounds  of  cured  cheese  containing  36.36  per  cent  of 
moisture.  This  is  an  increase  in  yield  over  the  vat  that  was  stirred  when 
the  whey  was  removed,  of  .8  potmd  of  green  cheese  containing  1.37  per 
cent  more  moisture  and  .9  pound  of  cured  cheese  containing  1.07  per 
cent  more  moisture.  Had  the  curd  been  stirred  longer  there  woiild 
undoubtedly  have  been  a  greater  difference.  The  average  loss  of  fat 
increased  .066  per  cent  when  the  curd  was  stirred  in  the  whey.  The 
column  of  scores  shows  that  there  is  a  slight  difference  ih  quality  in  favor 
of  the  stirring. 

The  following  summary,  calculated  from  the  figiu-es  in  Table  4,  shows 
the  yield  of  cheese  when  stirred  with  the  hand  as  the  last  of  the  whey 
is  removed,  and  when  not  stirred: 

Pounds  of  cheese  from  1,000  potmds  of  milk 

Green  cheese     Cured  cheese 

Stirred 108.5  106.  i 

Not  stirred 111.2  109.  i 

Pounds  of  milk  for  i  pound  of  fat  in  cheese 

Green  cheese     Cured  cheese 

Stirred 2.57  2.51 

Not  stirred 2.72  2 .  58 

This  table  shows  that  from  1,000  poimds  of  milk  not  stirred,  the  yield 
of  green  cheese  is  increased  2.7  potmds  and  of  cured  cheese  3  poimds. 
This  increase  is  due  to  the  smaller  loss  of  fat  in  the  whey  and  the  higher 
percent^e  of  moisture  in  the  cheese.  The  increased  jridd  for  each  pound 
of  fat,  as  a  result  of  the  ciaxl  not  being  stirred  as  the  whey  is  removed, 
is  .15  pound  in  the  green  cheese  and  .07  pound  in  the  cured  cheese.     Hand- 
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stirring  increases  the  loss  of  fat  in  the  whey  and  reduces  the  amotint 
of  moisttire  in  the  cheese.  The  scores  show  that  this  improves  the  quality 
of  the  cheese  slightly.  This  is  especially  true  of  milk  with  a  high  acid, 
for  the  curd  does  not  have  time  to  firm  up  nattually  before  the  whey 
is  removed. 

INFLUENCE   OF  APPLYING   FULL   PRESSURE  AT  ONCE   OR  GRADUALLY 

In  this  series  of  experiments,  the  cheese  curds  were  all  made  in  a  large 
vat  imder  the  same  conditions.  At  the  time  of  hooping,  the  same  amount 
of  curd  was  weighed  into  each  hoop.  Then  half  of  the  hoops  were  placed 
in  a  steel  gang  press  and  full  pressure  was  applied  at  once;  the  other 
half  were  put  into  the  same  kind  of  a  press,  but  pressing  was  applied 
gradually  tmtil  full  pressure  was  reached. 


TABLE  5. 


Effect  of  Past  and  of  Slow  Pressure  on  the  Yield  and  the 
Moisture  Content  of  the  Cheese 


Serial  ntimber 


Method 


Pounds 
of  curd 


Pounds 
of  green 
cheese 


Percentage 

of  water 

in  green 

cheese 


Score 


166 

167 
168 
169 
170 

173 

175 

177 
178 

179 
180 

200 

200, 

200. 

201 

201 

201 

14 

14 
15 
15 

413 
414 


Fast 
Fast 
Fast 
Slow 
Slow 

Fast 
Fast 
Slow 

Fast 
Slow 

Fast 
Slow 

Fast 
Fast. 
Fast. 
Slow 
Slow 
Slow 

Fast. 
Fast. 
Fast, 
Slow 
Slow 

Fast. 
Slow 


33 
33 
33 
33 
33 


30.60 
29.20 
30.16 
31  12 
31  36 


36.46 

36  30 
37.15 
36.75 

37  02 


86 

87 
90 

85 
85 


38 
38 
38 


36.20 
36.20 
36.20 


38.72 
38.70 
38.54 


87 
80 

81 


76 
76 


74  20 
74  50 


38.70 
38.92 


90 

87 


73 
73 


71.10 
71.60 


36.91 
37  95 


88 
81 


40 
40 
40 
40 
40 
40 


38.20 
38.20 
38.76 
38.00 
37.80 
37  70 


35  91 
35.88 

36  17 
35  91 
35.74 
35  69 


91 
91 
87 
91 
91 
91 


37 
37 
37 
37 
37 


35  20 
34.96 

34  80 

35  00 
34.56 


35.88 
36.27 
36.50 
36.75 
36.41 


92  i 
95l 
96i 
96J 


38 
38 


34  40 
34.52 


35.57 
36.10 


96J 
96J 
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TABLE  5  {continued) 


Serial  number 


Method 


Pounds 
of  curd 


Pounds 

of  green 

cheese 


Percentage 

of  water 

in  green 

cheese 


Score 


418 
419 

II 
II 
12 
12 

9 

9 

10 

10 


Fast. 
Slow. 


37 
37 


34 
34 


35 
35 


94} 
941 


Past. 
Fast. 
Slow. 
Slow. 


40 
40 
40 
40 


35 
35 
35 
35 


36 
37 
36 
36 


97l 
97| 
97| 
96J 


Fast. 
Fast. 
Slow. 
Slow. 


37 
37 
37 
37 


35 
36 
36 
36 


35 
35 
35 
35 


94i 
93J 
96i 
95I 


Weight  of  curd  pressed  fast 784  pounds 

Weight  of  curd  pressed  slow 676  pounds 

Weight  of  green  cheese  pressed  fast 739 .  24  pounds 

Weight  of  green  cheese  pressed  slow 639.96  pounds 

Curd  lost,  pressed  fast S .  70  per  cent 

Curd  lost,  pressed  slow 5.33  per  cent 

Average  moisture  in  cheese  pressed  fast 36.60  per  cent 

Average  moisture  in  cheese  pressed  slow 36. 55  per  cent 

The  average  of  the  table  shows  that  the  curd  pressed  fast  lost  .37  per 
cent  more  weight  than  the  curd  to  which  pressure  was  gradually 
applied.  The  results  of  the  separate  determinations  do  not  all  show 
the  same  results.  Some  cheeses  weigh  more  when  pressed  fast  and 
others  when  pressed  slow.  The  percentage  of  moisture  seems  to  var>' 
in  the  different  determinations,  being  first  in  favor  of  slow  pressure  and 
then  in  favor  of  fast  pressure.  The  average  moisture  seems  to  be  .05  per 
cent  more  in  the  curd  pressed  fast.  The  fact  that  the  cheese  pressed  fast 
lost  more  in  weight  and  had  a  higher  percentage  of  moisture  may  be  due 
to  a  larger  loss  of  fat  in  the  press  when  the  curds  were  pressed  fast. 

INFLUENCE   OF    PILING    CURDS    HIGH   AND   OF   PILING    CURDS    LOW    DURING 
THE    CHEDDARING   PROCESS 

In  this  series  of  experiments  the  twin  vat  was  used,  and  the  only  factor 
that  was  varied  was  the  depth  of  piling  the  curds.  One  vat  was  piled 
about  four  to  five  inches  deep  and  the  other  about  ten  to  twelve  inches 
deep.  After  the  curds  had  been  in  the  **  pack  '*  for  about  an  hour 
those  curds  piled  deeper  were  doubled,  so  that  their  depth  was  about 
twenty  inches. 
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The  average  of  the  table  shows  that  301.7  pounds  of  milk,  testing  4.1 
per  cent  fat,  yielded,  when  the  curd  was  piled  high,  33.4  pounds  of  green 
cheese  containing  37.76  per  cent  moisttu-e,  and  31.2  poimds  of  cured 
cheese  containing  36.38  per  cent  of  moistiu^.  This  is  a  gain  over  piling 
the  curd  low  of  .5  pound  of  green  cheese  and  .4  poimd  of  cured  cheese 
from  301.7  pounds  of  milk.  The  cheese  piled  high  contained  1.2  per  cent 
more  moisture  in  the  green  cheiese  and  .59  per  cent  more  moisture  in 
the  cured  cheese,  than  did  the  cheese  piled  low.  The  average  score 
would  indicate  that  the  quality  of  the  cheese  was  the  same. 

The  following  summary,  calculated  from  the  figures  in  Table  6,  shows 
the  jridd  of  cheese  from  curds  piled  high  and  from  curds  piled  low 
in  the  cheddaring  process: 

Pounds  of  cheese  from  1,000  potmds  of  milk 

Green  cheese     Ctu'ed  cheese 

Piled  high no. 8  103.4 

Piled  low 109.0  102. 1 

Pounds  of  cheese  for  i  pound  of  fat  in  milk 

Green  cheese     Cured  cheese 

Piled  high 2.70  2.52 

Piled  low 2 .66  2 .  50 

This  table  shows  that  by  piling  the  curd  high  the  yield  of  cheese  from 
1,000  pounds  of  milk  is  increased  by  1.8  poimd  of  green  cheese  and  1.3 
pound  of  cured  cheese.  While  the  average  score  would  indicate  that 
the  quality  of  the  cheese  was  the  same,  the  cheeses  piled  high  seemed 
to  be  a  trifle  pasty  in  texture. 

INPLUBNCB  OP  THE  AMOUNT  OF  SALT  USED 

In  this  series  of  experiments  the  cheeses  were  all  made  in  a  large  vat. 
After  the  curd  had  been  milled,  it  was  weighed  into  equal  amounts  and 
salted  at  various  rates  per  1,000  potmds  of  milk. 


TABLE  7. 


Effect  op  Varying  Amounts  of  Salt  on  the  Yield  and  the  Moisture 
Content  of  the  Cheese 


Serial  number 


Pounds 
of  salt 


Weight 
of  curd 


Pounds 
of  green 


Percentage 

of  water 

in  green 

cheese 


Score 


181 
183 

184 
185 


I 

li 

2 

3 
5 


33 
33 
33 
33 
33 


30.9 
30  7 
30.6 

30.5 
30.3 


37  61 
36.28 

36.17 
35.00 
33.25 


81 
93 
91 
93 
93 
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TABLE  7  {continued) 


Serial  number 


Pounds 

of  salt 

used 


Weight 
of  curd 


Pounds 

of  green 

cheese 


Percentage 
of  water 
in  green 
cheese 


Score 


i86 
187 
188 
189 

190 
191 
192 
'93 

251 
252 
253 
254 
255 

271 
272 

273 

262 
263 
264 


I 

li 
3 
5 


35 
35 
35 
35 


33-6 
33  4 
33  I 
32.2 


I 

1} 
3 
5 


36 
36 
36 
36 


33.8 
33-7 
32.4 
31  2 


38  15 
37.06 

34- 92 
32.87 


38.37 
37.97 
36.78 
34  33 


81 
87 
91 
90 


87 
81 

87 
91 


2 
3 
4 
5 


35 
35 
35 
35 
35 


32.3 
32^ 

31.7 
31.2 
30.5 


37  92 
37.59 
36.31 
34.15 
34.06 


83 
85 
88 

87 
87 


40 
40 
40 


37.7 
36.8 

35  9 


36.07 
35  01 
33  39 


91 
90 
90 


39 
39 
39 


36.1 
35.0 
34.8 


36.83 
35  29 
33.25 


91 
90 

92 


The  table  shows  that  as  the  amount  of  salt  is  increased,  both  the 
jridd  of  cheese  and  the  percentage  of  moisture  in  the  cheese  is  decreased. 
The  scores  would  indicate  that  as  the  salt  is  increased,  to  a  certain  point, 
the  quality  is  increased.  If  too  small  an  amount  of  salt  is  used,  the 
cheese  will  be  bitter.  If  too  much  salt  is  used,  the  cheese  has  a  salty 
taste  and  the  curing  is  delayed. 

influence  op  the  temperature  at  which  the  curd  is  held  apter 

THE   whey   is   removed 

In  this  series  of  experiments  the  twin  vat  was  used.  Conditions  were 
the  same  tmtil  the  whey  had  been  removed;  then  the  curd  in  one  vat 
was  allowed  to  cool  and  in  the  other  it  was  kept  at  a  temperature  of 
100°  F.  In  order  to  keep  the  temperature  at  100®  P..  the  vat  was 
covered  and  a  pail  of  hot  water  that  was  changed  from  time  to  time 
was  placed  in  the  vat.  In  this  experiment  3  oimces  of  rennet  extract  and 
2.5  pounds  of  salt  were  used  to  1,000  potmds  of  milk. 

This  table  shows  that  if  the  curd  is  held  at  a  high  temperature  the 
jridd  is  reduced  and  likewise  the  moisture  and  the  quality  of  the  cheese. 
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The  curd  hdd  at  the  high  temperature  was  soft  and  mushy  at  the  time 
of  milling  and  lost  a  considerable  amount  of  white  whey.  After  salt 
was  applied,  the  white  whey  ran  freely  from  the  curd.  The  curd  at 
low  temperature  was  firm  and  lost  little,  if  any,  white  whey. 

The  following  simmiary,  calculated  from  the  figures  in  Table  8,  shows 
the  yield  of  cheese  held  at  high  and  at  low  temperature  during  the 
cheddaring  process: 

Poimds  of  cheese  from  1,000  potmds  of  milk 

Green  cheese     Cured  cheese 

High  temperattu^ 105 .5  91.9 

Low  temperature 107.3  93 -o 

Pounds  of  cheese  for  i  potmd  of  fat  in  the  milk 

Green  cheese     Cured  cheese 

High  temperature 2.51  2 .  19 

Low  temperature 2 .  55  2.21 

This  table  shows  that  if  oud  is  held  at  a  low  temperature,  the  yield 
of  cheese  from  1,000  pounds  of  milk  is  increased  by  1.8  potmd  of  green 
cheese  and  i.i  potmd  of  ctired  cheese.  This  increase  is  made  at  a  gain 
in  the  qtiality  of  the  cheese,  as  shown  by  the  scores. 

influence  of  the  use  of  varying  amounts  of  rennet  extract 

In  this  experiment  the  milk  was  nm  into  the  large  vat,  thoroughly 
mixed  and  ripened,  and  then  put  into  the  small  vats.  Rennet  was  added 
at  the  various  rates  per  1,000  potmds  of  milk,  as  the  table  shows.  The 
rate  in  the  table  is  given  in  otmces,  as  this  is  the  usual  measure  tised  in 
cheese  factories.  The  amotmt  of  rennet  extract  necessary  for  each  vat 
was  computed  in  cubic  centimeters,  and  a  cylinder  gradtiated  into  cubic 
centimeters  was  tised  for  measuring  it  since  this  was  much  more  accurate 
than  to  meastire  so  small  a  quantity  in  otmces.  The  rennet  was  added 
to  all  the  vats  at  the  same  time,  and  they  were  all  cut  at  the  time  when 
the  vat  with  the  least  amotmt  of  rennet  was  ready  to  be  cut.  Those 
having  the  greater  amounts  of  rennet  were  much  harder  at  the  time  of 
cutting.  Throughout  the  remainder  of  the  experiment  the  curds  were 
handled  in  the  same  manner.  The  same  amotmt  of  salt  was  tised  on 
each  vat.  The  grouping  indicates  those  vats  that  were  made  from  the 
same  milk  and  were  otherwise  alike  except  for  the  amotmt  of  rennet 
extract  used. 
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TABLE  9. 


Effect  of  Varying  Amounts  of  Rennet  on  the  Yield  and  the 
Moisture  Content  of  the  Cheese 


Serial  number 


Ounces 
of  rennet 
used  for 

1,000 

pounds  of 

milk 


Pounds 
of  milk 


Per- 

centage 

of  fat 

in 
milk 


Per- 
centage 
of  fat 
lost  in 
whey 


Pounds 

of 
green 
cheese 


Percent- 
age of 
water 

in  green 


Score 


25 
21 
22 
23 

24 

160 

163 
161 
162 

164 
165 

171 
172 

256 
257 
258 
259 
260 
261 

265 
266 
267 
269 
270 


3 

5 

8 

16 

20 


300 
300 
300 
300 
300 


.32 
•23 
.20 

.23 
.23 


29.1 

33  9 

34  I 

35  I 
34.5 


35-49 
36.88 

37.35 
37.75 
37.57 


92I 
94I 
95* 
921 
92I 


3 

8 

12 

16 


300 
300 
300 
300 


.16 

•15 
.09 
.07 


31.4 
31.4 
31.9 
31.7 


36.87 
37.81 
37.56 
37.38 


91 
87 
87 
85 


3 
20 


300 
300 


.26 
.25 


31.0 
31.4 


38.83 
39.58 


90 
75 


300 
300 


.25 
.25 


32.6 
33.2 


38.75 
39.71 


78 
85 


3 

5 

8 

12 

16 

20 


300 
300 
300 
300 
300 
300 


.32 
.30 
.33 
.31 
.34 
.35 


33-3 
32.8 

33.4 
33.4 
34.0 
34.2 


35.68 
36.32 
36.37 
36.40 

34.47 
38.62 


89 
93 
89. 
91 

88 

85 


3 

5 

8 

16 

20 


300 
300 
300 
300 
300 


.25 
.29 
.22 
.25 
.27 


32.6 

32.7 
33.2 
33.7 
33.4 


35.03 
36.50 
36.69 
37.87 
36.98 


92 
94 
93 

83 
83 


The  table  shows  that,  up  to  a  certain  point,  as  the  amount  of  rennet 
extract  is  increased  the  yield  of  cheese  is  increased  and  the  percentage 
of  moisture  in  the  cheese  is  increased.  The  maximtun  yidd  seems  to 
be  reached  when  16  otmces  of  rennet  extract  are  used,  and  then  begins 
to  fall.  However,  this  increased  yield  is  gained  at  a  sacrifice  in  the  quality 
of  the  cheese,  as  is  shown  by  the  score.  The  use  of  such  large  amounts 
of  rennet  extract  would  not  be  practical  as  it  would  be  too  expensive. 

INFLUENCE  OP  CUTTING  CURD  HARD  AND  OF  CUTTING  CURD  SOFT 

In  this  series  of  experiments  the  twin  vat  was  used,  and  each  compart- 
ment was  heated  to  the  same  temperature.  In  one  the  Curd  was  cut  while 
soft  and  in  the  other  while  hard.  The  first  was  cut  so  soft  that  the  knife 
would  scarcely  leave  a  mark,  and  the  second  was  so  hard  that  the  curd 
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broke  in  some  cases  ahead  of  the  knife.     After  the  curds  were  cut  they 
were  h^dled  alike  throughout  the  remainder  of  the  process. 

TABLE  lo.    Effect  of  Cutting  the  Curd  Hard  and  of  Cutting  the  Curd  Soft. 
ON  the  Yield  and  the  Moisture  Content  of  the  Cheese 


Serial 
number 

Method 

Minutes 

from 

adding 

rennet  to 

cutting 

Pounds 
of  milk 

Per- 
centage 
of  fat 

Per- 

centage 
of  fat 
lost  in 
whey 

Pounds 

of 
green 
cheese 

Percentage 
of  water 
in  green 
cheese 

Pounds 
of  milk 
for  I 
pound 
of  green 
cheese 

Score 

26     

Hard.... 
Soft.... 

3S           ^00 

4.0 

.37 

35 

33.63  ;        37  31 
31.80  '        36.06 

9.19       9S4 
9.43        951 

27 

30 

300 

0 

34 

Hard.... 
S<rft.... 

3S 
30 

300 
300 

4 
4 

.30 

34.60  1        35.87 
33.06           35.07 

8.67 
9.07 

95} 
93 1 

33 

33 

Hard.... 
Soft... 

35 
30 

300 
300 

4 
4 

.30 
.38 

34.10  ;      36.31 

33.06  1         35  S4 

8.80 
9.07 

964 
94ft 

31 

320 

Hard.... 
Soft.... 

SO 
IS 

300 
300 

0 
0 

.09 

.4S 

33.58          36.31 
31.06         34.65 

9.31 
9.65 

95 1 

328 

94 

331 

Hard.... 
Soft.... 

3S 
14 

300 
300 

4 
4 

.37 
31 

33  87  i         35.38 
33.08  1         34  19 

8.86 
9.35 

96 

333          .    ... 

95 

Average 

Hard.... 

300 

4 

34 

.346 

33.55  1         36.19 

95. 7 

Average 

Soft... 

300 

34 

.378 

33.31 

35  10 

94.5 

This  table  shows  that  if  the  curd  is  cut  soft  the  yield  of  cheese  and  the 
percentage  of  moistiu^  are  decreased.  The  average  shows  .13  per 
cent  greater  loss  of  fat  in  the  whey  when  the  curd  is  cut  soft  than  when 
it  is  cut  hard.  The  average  score  shows  that  the  quality  of  the  cheese 
cut  when  the  curd  was  hard  is  better.  This  is  because  the  cheeses  cut 
soft  became  too  firm  and  were  therefore  of  poorer  texture. 

The  following  summary,  calculated  from  the  figures  in  Table  10,  shows 
the  yield  of  cheese  from  curds  cut  hard  and  soft: 

Yield  of  cheese  from  1,000  pounds  of  milk 

Green  cheese 

Cut  hard 111.8 

Cut  soft '. 107 . 3 

Poimds  of  cheese  from  i  poimd  of  fat  in  milk 

Green  cheese 

Cut  hard 2 .  63 

Cut  soft 2 .  53 

This  table  shows  that  the  yield  of  cheese  from  1,000  pounds  of  milk 
is  4.5  pounds  greater  when  the  curd  is  cut  hard.  This  is  due  to  the  fact 
that  the  percentage  of  moisture  is  1.09  per  cent  greater.  Cutting  the 
curd  soft  is  one  of  the  best  ways  of  decreasing  the  moisture,  but  the  loss 
of  fat  in  the  whey  is  greater. 
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conclusions 

1.  Cutting  the  curd  fine  causes  a  laiiger  loss  of  fat  in  the  whey  than 
cutting  the  curd  coarse.  Coarse-cut  ctuxi  increases  the  yield  of  green 
and  of  cured  cheese  and  increases  the  moistiu-e  content  of  the  cheese. 
If  great  care  is  not  taken  and  the  pieces  of  curd  are  broken,  the  result 
will  be  the  same  as  a  fine  cut. 

2.  Setting  the  milk  at  a  high  temperature  reduces  the  loss  of  fat  in 
the  whey  more  than  setting  the  milk  at  a  low  temperature.  Setting 
at  a  high  temperature  increases  the  yield  of  the  green  and  the  cured  cheese. 
This  increase  is  probably  due  to  the  increased  moistiu^  content  of  the 
cheese. 

3.  A  low  acid  at  the  time  of  removing  the  whey  increases  the  yield 
of  the  green  and  the  cured  cheese.  The  low  acid  also  increases  the  per- 
centage of  moisture  in  the  cheese.  If  a  high  acid  is  developed,  it  not 
only  reduces  the  yield  and  the  percentage  of  moisture  in  the  cheese,  but 
also  injures  the  quality  of  the  cheese. 

4.  Stirring  the  curd  with  the  hand  as  the  last  of  the  whey  is  removed 
reduces  the  percentage  of  moisture  in  the  green  and  the  cured  cheese. 
Stirring  reduces  the  yield  and  causes  a  larger  loss  of  fat  in  the  whey. 

$.  Pressing  the  curd  fast  reduces  the  yield  because  more  fat  is  squeezed 
out  of  the  curd.  This  loss  of  fat  makes  the  cheese  pressed  fast  appear 
to  contain  more  moisture. 

6.  If  the  curds  are  piled  deep  more  moisture  is  retained  in  the  green 
and  the  cured  cheese.     Piling  the  curds  deep  increases  the  yield  of  cheese. 

7.  An  increase  of  salt  in  the  ctuxi  results  in  the  reduction  of  moisture 
in  the  cheese. 

8.  Holding  the  curd  at  a  low  temperature  after  the  whey  is  removed 
increases  the  percentage  of  moistiu^  in  the  green  and  the  ciu^  cheese 
and  increases  the  yield. 

9.  An  increase  of  rennet  to  a  certain  point  increases  the  moisture  con- 
tent of  cheese.  This  is  due  to  greater  coagulation,  and  has  the  same 
effect  as  setting  at  a  high  temperature  or  cutting  the  cimi  hard. 

10.  Cutting  the  curd  soft  reduces  the  percentage  of  moisture  and  the 
yield  of  the  green  cheese,  and  also  increases  the  loss  of  fat  in  the  whey. 
Cutting  soft  has  the  same  effect  as  setting  at  a  low  temperature  or  as  a 
small  amoimt  of  rennet. 

Factors  that  reduce  the  yield  and  the  moisture  content  of  the  cheese 

1.  Fine  cutting. 

2.  Low  setting  temperature. 

3.  High  acid  in  the  curd  at  time  of  removing  the  whey. 

4.  Stirring  the  curd  with  the  hand  as  the  last  of  the  whey  is  removed. 
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5.  Fast  pressure. 

6.  Law  piling  of  the  curd  in  the  cheddaring  process, 
y.  Large  amount  of  salt. 

8.  Holding  the  curd  at  high  temperature  after  the  whey  is  removed, 
g.  Small  amount  of  rennet. 
10.  Cutting  the  curd  soft. 

Factors  that  increase  the  yield  and  the  moisture  content  of  the  cheese 

1.  Coarse  cutting. 

2.  High  setting  temperature. 

J.  Low  acid  in  the  curd  at  time  of  removing  the  whey. 

4.  Not  stirring  the  curd  with  the  hand  as  the  last  of  the  whey  is  removed. 

5.  Slow  pressure. 

6.  High  piling  of  the  cUrd  in  the  cheddaring  process. 

7.  Small  amount  of  salt. 

8.  Holding  the  curd  at  low  temperature  after  the  whey  is  removed, 
g.  Large  amount  of  rennet. 

10.  Cutting  the  curd  hard. 
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SCAB  DISEASE  OF  APPLES* 

Errbtt  Wallace 

{Received  for  publicaHon  June  /,  1913) 

THE  HOST 

Consideration  of  the  origin,  evolution,  distribution,  and  methods  of 
care  and  cultivation  of  the  plants  affected  by  a  specific  disease  is  often 
of  assistance  in  reaching  conclusions  as  to  the  origin  and  history  of  the 
disease,  its  possible  distribution,  and  its  economic  importance.  In  the 
case  of  the  apple  these  facts  are  rather  generally  known  or  are  readily 
obtained  from  various  horticultural  books.  To  residents  of  New  York 
State  this  information  is  especially  accessible  in  the  excellent  work  by 
Beach  (1905)  entitled  "  The  Apples  of  New  York."  It  is  therefore  not 
necessary,  in  this  bulletin,  to  enter  into  an  extended  discussion  of  these 
features  further  than  to  indicate  in  a  general  way  the  distribution  and 
importance  of  the  apple  industry. 

THE  APPLB  IN  THE  UNITED  STATES 

Throughout  the  United  States  the  apple  is  more  generally  cultivated 
than  is  any  other  fruit.  The  range  of  latitude  in  whidx  it  can  be 
grown  and  the  diversity  of  soil  suitable  for  apple  culture  makes  possible 
this  wide  distribution;  while  the  universal  demand  for  the  fruit  as  a  staple 
article  of  diet  ofEers  a  special  inducement  for  its  production. 

The  census  report  for  1910  shows  that  apples  are  being  grown  in  every 
state  and  territory  in  the  Union  exc^t  Alaska.  In  some  of  these  localities, 
however,  such  small  quantities  are  produced  that  the  industry  cannot 
be  considered  to  be  of  commercial  importance.  Among  these  may  be 
mentioned  Florida,  Louisiana,  Wyoming,  Arizona,  Nevada,  and  North 
Dakota,  in  each  of  which  States  less  than  100,000  bushels  of  apples  were 
produced  in  1909. 

The  accompanying  table,  compiled  from  the  Thirteenth  Census  Report, 
shows  the  production  of  the  leading  apple-growing  States  in  1909  and  in 
1899,  together  with  the  total  production  in  the  United  States  for  those 
years: 

♦  Al«o  presented  to  the  Faculty  oi  the  Graduate  School  of  Cornell  University.  June.  191 1.  as  a  major 
thesis  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

(190s)  Beach.  S.  A.  The  applet  <V  New  York.  Vol.  I.  New  York  (Geneva)  Agr.  Bzp.  Sta.  Rept. 
1903:2:1-409. 
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TABLE  I.    Production  of  Apples  in  1^09  and  in  1899 


1909 


Production 
(bushels) 


Value 


1899 


Production 
(bushels) 


United  States.  . 

New  York 

Michigan 

Pennsylvania. . 

Missouri , 

Kentucky ...... 

Iowa 

California 

Virginia 

North  Carolina 

Ohio 

Tennessee .... 
West  Virginia . 
Maine 


147 

25 

12 

II 

9 

7 

6 

6 

6 

4 

4 

4 

4 

3 


,522 
.409 
.332 
,048 
,968 
.368 
.746 
.335 
,103 

775 
,663 
640 
225 
,636 


,318 

.324 
.296 

.430 
.977 
.499 
,668 

.073 
.941 
.693 
.752 

444 
.163 

181 


$83,231,492 
13.343.028 
5,969,080 
5.557.616 
4,885,544 
3,066,776 

3.550,729 
2,901,662 
3,129,832 
2,014,670 
2,970,851 

2,172,475 
2,461.074 
2,121,816 


175.397.600 
24,111,257 

B. 931. 569 
24,060,651 

6,496.436 
6,053.717 
3,129,862 
3.488,208 
9.835.982 
4.662.751 
20.617,480 
5.387.775 
7.495.743 
I. 421. 773 


THE  APPLE   IN  NEW   YORK 

In  New  York  State  the  apple  has  assumed  an  important  place  in  recent 
years.  It  is  the  basis  on  which  rests  an  industry  that  has  made  independent 
thousands  of  farmers  throughout  the  State  and  has  given  to  many  com- 
mimities  a  general  air  of  prosperity  and  thrift,  for  which  the  nual  sections 
of  this  State,  as  a  rule,  are  noted.  In  western  New  York,  particularly, 
the  soil  and  the  climate  are  so  well  adapted  to  apple-growing  that  the 
industry  has  assumed  notably  large  proportions.  In  this  State  the  two 
great  commercial  varieties,  Baldwin  and  Rhode  Island  Greening,  flourish; 
however,  although  taking  the  lead,  these  are  by  no  means  the  only 
varieties  of  importance. 

The  Thirteenth  Census  shows  that  New  Yoric  produced  in  1909  more 
than  twenty-five  million  bushels  of  apples,  worth  over  thirteen  million 
dollars.  This  production  is  more  than  twice  that  of  any  other  State. 
The  production  of  all  orchard  fruits  in  the  State  amounted  to  29,456.291 
bushels,  with  a  value  of  $17,988,894.  It  is  therefore  evident  that  the 
apple  is  of  much  greater  commercial  importance  in  New  York  State  than 
are  all  other  orchard  fruits  combined. 

THE  DISEASE 

NAMES  APPLIED 

The  disease,  which  is  known  as  scab,  black  spot,  scurf,  or  the  fimgus, 
and  which  has  in  some  cases  been  called  rust,  occurs  on  the  leaves  and  the 
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fruit,  and  occasionally  has  been  found  on  the  twigs,  of  the  apple.  The 
name  "scab"  is  used  ahnost  exclusivdy  in  the  United  States  and  is  the 
name  that  will  be  used  in  this  account. 

HISTORY 

The  scab  disease  apparently  exists  in  every  country  where  apples  are 
grown.  It  was  reported  early  in  the  nineteenth  century  by  Fries  (1819) 
from  Sweden,  and  some  years  later  by  Wallroth  (1833)  fro™  Germany. 
The  first  authentic  record  from  America  is  by  Schweinitz  (1834),  who 
reports  scab  on  Newton  Pippins  in  New  York  and  Pennsylvania.  The 
disease  was  first  noticed  in  England  in  1845,  according  to  Berkdey  (1855), 
and  in  Australia  in  1862,  according  to  McAlpine  (1902).  Its  introduction 
into  Australia  was  attributed  to  a  Seckd  pear  imported  from  America; 
this  is  doubtful,  however,  since  the  scab  disease  of  the  pear  has  since 
been  shown  to  be  entirdy  distinct  from  that  of  the  apple^ 

SYMPTOMS 

On  the  leaves 

The  scab  is  likdy  to  appear  earliest  on  the  lower  side  of  the  leaves. 
The  diseased  area  usually  appears  first  as  an  olive  discoloration  slightly 
darker  than  the  normal  surface  of  the  leaf.  The  color  deepens  with  age 
until  dark  brown  or  black  is  readied,  the  spot  having  a  more  or  less  vdvet- 
like  appearance.  As  noted  by  Aderhold  (1896),  on  the  lower  side  of  the 
leaf  there  is  a  tendency  for  the  lesion  to  extend  along  the  veins  and  the 
midrib  and  to  diffuse  irregulariy  and  indefinitdy  into  the  healthy  area; 
whereas  on  the  upper  surface  of  the  leaf  the  lesion  appears  first  as  a  slight 
olive-green  discoloration,  of  a  lighter  shade  of  green  than  the  healthy 
surface  of  the  leaf  but  dull  and  somewhat  vdvety.  The  natural  luster 
characteristic  of  the  upper  surface  of  the  leaf  is  destroyed.  The  spots 
may  be  few  and  scattered;  or  they  may  be  so  nimierous  as  to  coalesce, 
coating  almost  the  entire  surface.  The  diseased  areas  may  be  distinctly 
bordered  or  they  may  spread  out  irr^ulariy  and  indefinitdy  into  the 
healthy  part  of  the  leaf.  In  Plate  I,  Plate  II,  Fig.  i,  and  Plate  III,  Fig. 
2,  are  shown  various  types  of  infestation,  on  both  the  upper  and  the  lower 
surfaces  of  the  leaves. 

Later  the  scab  spots  become  darker,  changing  to  brown  and  finally, 
in  some  cases,  to  nearly  black.    In  some  cases  the  natiual  form  of  the  leaf 

(1819)  Pries.  Blias.    Spflocea  Pomi  Pr.    Nov.  fl.  Suec^:7Q. 

(183J)  Wallroth.  P.  G.    Clado8i>onum  dendritictun  W.    PL  crypt.  Germ.  2:4:169. 
(X834)  Schweinitx,  L.  D.  de.    SpilocflM  fructigena  aut  Pomi  Lk.    Syn.  P.  N.  A.,  p.  397. 
(i8ss)  Berkeley,  M.  T.    Why  do  peart  and  apples  crack?    Card,  chron.  1858:724- 
(1896)  Aderhold.  Rudclf.    Die  Pusicladien  unserer  obstbAume.     Landw.  jahrb.  25:881. 
(1902)  McAlpine.  D.    The  fungus  causing  black  spot  of  the  apple  and  pear.    Victoria  Agr.  Dept.   Joum. 
1:703-708. 
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IS  not  destroyed;  in  other  cases  some  distortion  results.  Very  often  the 
diseased  surface  protrudes,  forming  a  convex  surface  with  a  corresponding 
concavity  on  the  opposite  side  of  the  leaf.  In  time  the  tissue  under  many 
of  the  diseased  spots  is  killed  outright,  forming  dead  areas,  which  often 
crack  as  shrinkage  occurs.  This  condition  is  most  common  near  the 
close  of  the  season.  In  extreme  cases  considerable  defoliation  may  result 
(Plate  II,  Fig.  2). 

On  the  fruit 

The  lesion  on  the  fruit  usually  appears  from  the  first  as  a  darker-colored 
spot  than  is  produced  by  the  disease  on  the  leaves.  Sometimes  the  spots 
are  almost  black  when  first  visible;  or  they  may  be  dark  olive,  changing 
to  reddish  brown  or  black.  The  spots  are  usually  very  small  at  first  and 
they  enlarge  more  slowly  than  do  those  on  the  leaves.  They  are  more 
sharply  bordered  on  the  fruit  than  on  the  leaves  (Plates  IV  and  V). 

As  the  scab  spot  on  the  fruit  grows  older  its  appearance  changes 
markedly.  The  central  and  older  part  becomes  bare,  brown,  and  corky, 
whUe  the  margin  is  black.  A  more  or  less  whitish  band,  due  to  the 
loosened  cuticle,  may  surround  the  black  margin  (Plate  VI,  Fig.  2).  Some- 
times the  scab  spots  may  enlarge  so  as  to  cover  rather  large  areas  and 
cracking  of  the  fruit  results,  due  to  excessive  loss  of  moisture  content  from 
the  underlying  unprotected  tissues  (Plate  III,  Fig.  i). 

Scab  spots  resulting  from  late  autumn  infection  differ  somewhat  in 
appearance  from  those  developing  early  while  the  fruit  is  very  young. 
The  spots  as  they  first  appear  are  more  dense  and  black.  Often  they 
will  have  enlarged  considerably  before,  the  cuticle  is  ruptured.  They 
seldom  reach  the  stage  described  above,  in  which  the  center  becomes 
bare  and  brown  (Plate  VI,  Fig.  i). 

On  the  twigs 

The  disease  rarely  occurs  on  the  twigs,  at  least  in  many  localities. 
Affected  twigs  have,  in  general,  a  scurfy  appearance.  The  bark  becomes 
blistered  and  later  ruptured  in  places,  presenting  an  appearance  similar 
to  scabby  pear  twigs,  which  are  very  common.  The  occurrence  of  twig 
infection  is  discussed  at  greater  length  elsewhere  in  this  bulletin. 

IMPORTANCE 

General  estimates  of  loss 
McAlpine  (1902)  estimated  the  annual  average  loss  due  to  apple  scab 
in  Victoria,  Australia,  at  £40,000   (approximately  $194,000),  which  is 

(1902)  McAlpine.  D.    The  fuagus  causing  black  spot  of  the  apple  and  pear.   Victoria  Agr.  Dept.   Joora. 
1:705. 
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Plate  II.  Fig.  i. —  A  severe  infestation  of  scab  arlificiaJly  produced  by  inocula- 
tion of  protected  foliage  with  ascospores  of  Venturia  inaqualis.  Photograph 
made  twenty  days  after  inoculation.      Natural  size 

Fig.  2. —  Badly  infested  leaves  as  they  appear  late  in  the  season.  Photograph 
made  on  August  15,  igo8.     Natural  size 
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Plate  III.  Fig.  i. —  Severe  infestation  of  scab.  The  fruit  is  cracked  in  places, 
while  the  old  spots  appear  corky.  Many  of  the  spots  are  small,  the  result  of  late 
infection.     Photograph  made  on  October  14,  IQ08.     Natural  size 

Fig.  2. —  Scab  lesions  on  upper  surface  of  leaf  only,  producing  a  cup-like  effect 
beneath.  A  common  occurrence  in  cases  of  severe  infestation.  Photograph 
made  by  Fisher,  August  7,  IQ12.     Natural  size 


Digitized 


by  Google 


Plate  IV. —  Cluster  of  badly  scabbed  apples  showing   typical  lesions.     Photograph 
made  by  Whetzel,  July  j/,  /^.     Natural  size 
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Plate  V.  Pig.  i. —  Successive  stages  in  the  development  of  scab  lesions.  A  photo- 
micrograph of  the  lesion  on  the  upper  left  apple  is  shown  in  Plate  VIII ,  Fig.  6.  PhotO' 
graph  made  on  July  /,  iqo8.     Natural  size 

Fig.  2. —  Showing  the  dwarfing  effect  of  a  single  scab  lesion  on  the  side  of  an  apple,  PhoUh 
graph  made  by  Ftsher,  August  7,  IQ12,     Natural  site 
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Plate  VI.  Fig.  i. —  Scab  lesions  on  fruit.  Late,  secondary  infections 
are  becoming  prominent.  Photograph  made  in  the  autumn  of  iQog, 
Natural  size 

Fig.  2. —  Showing  the  action  of  the  scab  fungus  in  lifting  the  cuticle  of 
the  apple,  thus  allowing  evaporation.     Photograph  made  by  Whetzel,     t 
July  31,   IQ06.     Enlarged  twice  Digitized  by  ^^UOglC 
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Plate  VII.  Fig.  i. —  Pear  scab  lesions  on  leaves  and  pedicels.  Pedicel  infection 
is  equally  common  on  apple,  but  cannot  be  shown  so  well  in  photograph  because  of 
dense  growth  of  hairs.  In  the  orchard  from  which  this  twig  was  taken,  practically 
no  fruit  set  because  of  the  attack  on  the  pedicels.  Photograph  made  on  June  /, 
igoQ.     Natural  size 

Fig.  2. —  Fruit  pedicels  and  foliage  severely  infected  at  an  early  stage  with  the  scab 
fungus.  The  apple  in  the  upper  right  corner  not  so  severely  attacked.  The  fruit 
will  never  mature.     Photograph  made  on  August  75,  IQ08.     Somewhat  reduced 
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equivalent  to  $48.50  an  acre.  Stevens  and  Sherman  (1903)  state  that  one 
grower  reports  an  increase  of  $1000  in  value  of  his  crop  due  to  spraying, 
at  an  outlay  of  $125  to  $150;  and  that  in  the  State  of  Illinois  apple 
scab  is  estimated  to  have  caused  $6,000,000  damage  in  one  year,  or  sixty 
per  cent  of  the  total  loss  through  all  enemies.  Marlatt  and  Orton  (1906) 
state  that  the  loss  from  scab  amounts  to  many  million  dollars  each  year. 
Scott  and  Quaintance  (1907)  estimate  that  scab  often  affects  fifty  to 
seventy-five  per  cent  of  the  fruit  over  wide  areas,  and  not  infrequently 
causes  total  failure  of  the  crop  by  killing  the  young  fruit  when  in  blossom 
or  soon  after.  Gossard  (1908)  estimates  a  net  profit  of  $3  to  $7  for  each 
tree,  due  to  spraying  for  control  of  insects  and  disease,  at  a  cost  of  30  to 
50  cents  for  each  tree. 

Estimates  of  loss  in  New  York 

Some  interesting  figures  in  regard  to  the  importance  of  scab  disease, 
as  shown  by  the  gain  due  to  spra3ring  apple  orchards,  are  to  be  foimd 
in  the  reports  on  orchard  surveys  of  Orleans  and  Niagara  coimties.  Warren 
(1905)  reports  an  average  gain  of  $47  an  acre,  in  1904,  in  orchards  sprayed 
three  times  over  those  not  sprayed.  This  is  included  in  a  study  of  564 
orchards  containing  4881  acres.  Since  it  was  thought  that  other  forms  of 
n^lect  might  be  correlated  with  that  of  omitting  the  spray,  another 
count  was  made  including  only  those  orchards  that  were  well  cared  for 
in  other  ways.  The  difference  in  this  case  was  $81  an  acre  in  favor  of 
orchards  sprayed  three  times.  Evidently,  then,  the  profit  from  spraying 
well-cared-for  orchards  is  greater  than  that  from  spraying  those  otherwise 
n^lected.  This  is  what  should  be  expected,  since  trees  properly  cared 
for  are  better  able  to  produce  a  larger  quantity  of  fruit  than  those  not 
well  cared  for.  The  cost  of  spraying  was  estimated  at  $6.77  an  acre, 
leaving  an  average  net  gain  of  $40.23  including  all  orchards  and  of  $74.23 
including  only  orchards  otherwise  well  cared  for. 

Here,  of  course,  it  is  impossible  to  separate  the  percentage  of  gain  due 
to  the  control  of  scab  from  that  due  to  the  control  of  the  codling  moth, 
since  the  disease  and  the  insect  are  controlled  by  a  combination  spray. 
An  attempt  was  made  to  correlate  the  percentage  of  scab  with  the  yield 
of  fruit  and  the  income  for  each  acre.  It  was  found  that  orchards  having 
no  scab  to  5  per  cent  of  scab  gave  an  average  income  of  $143  an  acre, 
with  a  yield  of  382  bushels;  while  those  having  76  to  100  per  cent  of  scab 

(1903)  Stevens.  P.  L..  and  Sherman,  Jr..  Pranldin.    Insect  and  fungus  enemies  of  the  apple,  pear,  and 
qomce,  with  methods  ox  treatment.    North  C:|rolina  Agr.  Bxp.  Sta.    Bui.  183:66. 

(1905)  Warren.  G.  P.    An  apple  orchard  survey  of  Orleans  county.    Cornell  Univ.  Agr.  Bxp.  Sta.    BuL 
229:478. 

(1906)  Marlatt.  C.  L„  and  Orton.  W.  A.    The  control  of  the  codling  moth  and  apple  scab.    U.  S.  Agr. 
Deflt.    Parmers*  bul.  247:12. 

(1907)  Scott.  W.  M..  and  Ouatntance.  A.  L.    Spraying  for  apple  diseases  and  the  codling  moth  in  the 
Ozarks.    U.  S.  Agr.  Dept.    Parmers'  bul.  283:20. 

(1908)  Oossard,  H.  A.    Spraying  apples.    Ohio  Agr.  Bxp.  Sta.    BuL 
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gave  an  average  income  of  only  $88  an  acre,  with  a  yield  of  248  bushels. 
This  shows  an  apparent  loss  of  $55  an  acre  where  scab'  was  abundant.  It 
is  probable,  however,  that  the  scabby  orchards  were  imsprayed,  and  there- 
fore suffered  from  the  codling  moth  also.  It  is  seen  likewise  from  the 
figures  given  that  these  pests  reduced  the  quantity  of  the  yield  134  bushels 
an  acre. 

Cummings  (1909)  made  similar  estimates  in  his  survey  of  Niagara 
county.  Here  tmsprayed  orchards  gave  an  average  yield  of  261  bushels 
with  an  average  income  of  $45  an  acre,  while  three  sprayings  resulted 
in  a  yield  of  577  bushels  and  an  income  of  $171  per  acre;  a  gain  in  yield 
of  316  bushels  and  in  income  of  $126  an  acre. 

Cummings  finds  that  there  are  in  Niagara  county  about  24,190  acnes 
in  apples,  and  on  this  acreage  about  one  fifth  of  the  orchards  are  unsprayed. 
From  this  it  may  be  estimated  that  the  loss  in  the  4838  acres  of  imsprayed 
orchards  in  Niagara  county  would  aggregate  $609,588.  An  estimate 
similarly  made  from  the  figures  already  referred  to  by  Warren  for  Orleans 
county  shows  that  the  loss  suffered  by  imsprayed  orchards  in  that  county 
during  the  season  of  1904  was  about  $287,616. 

These  are  apparently  very  moderate  estimates.  Only  the  difference 
between  orchards  unsprayed  and  those  sprayed  three  times  was  ccwi- 
sidered.  Many  orchards  were  ineffectively  sprayed;  they  also  suffered 
much  loss  and  were  not  included  in  these  estimates. 

Taking  Orleans  county  as  a  basis  from  which  to  work,  the  writer  has 
attempted  to  estimate  roughly  what  may  be  the  total  annual  loss  due 
to  neglect  of  spra3ring  in  New  York  State  and  in  the  United  States.  As 
shown  above,  the  loss  in  Orleans  county  in  1904  was  $47  an  acre.  Accord- 
ing to  the  census  of  1900  there  were  in  New.  York  State  at  that  time 
15,054,832  apple  trees  of  bearing  age.  Warren  found  that  there  are,  on  an 
average,  slightly  more  than  forty  trees  per  acre,  from  which  it  may  be 
estimated  that  there  were  about  376,370  acres  of  apple  orchards  in  the 
State.  Cunrniings  found  one  fifth  of  the  orchartfe  in  Niagara  county 
unsprajred.  Since  that  is  one  of  the  most  progressive  fruit-growing  counties 
in  New  York,  there  is  no  doubt  that  it  would  be  a  conservative  estimate 
to  say  that  one  fifth  of  the  orchard  area  of  the  State  is  unsprayed,  making 
a  total  of  75,274  acres  on  which  a  loss  of  $47  an  acre  would  be  suffered. 
This  gives  $3,537,878  as  an  estimate  of  the  annual  loss  to  this  State  through 
neglect  of  spraying.  This  estimate  represents  only  the  loss  where  no 
spraying  is  done.  Many  thousands  of  acres  are  ineffectively  sprayed, 
and  if  the  loss  on  these  could  be  estimated  it  would  add  much  to  the 
aggr^ate. 

(1909)  Cnminmgi.  M.  B.    Apple  orchard  survey  of  Niagara  county.    Comdl  Univ.  Agr.  Bxp.  Sta.    BoL 
a6a: 277-320. 
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Figuring  on  a  similar  basis  for  the  United  States,  it  is  found  in  the  same 
census  that  there  were  201,794,764  apple  trees  on  5,044,869  acres.  One 
fifth  of  this  acreage  gives  1,008,973.8  acres  of  unsprayed  orchard,  on  which 
the  loss  at  $47  an  acre  would  amount  to  $47,421,768.60. 

These  estimates  are  based  on  by  far  the  lower  of  the  figures  showing 
the  average  loss  found  to  exist  in  the  two  cases  cited  above.  Accord- 
ing to  figures  of  Cummings  for  Niagara  county,  in  1905  there  was  a  gain 
of  $126  an  acre  in  the  income  from  sprayed  over  that  from  imsprayed 
orchards.  If  this  amount  is  considered  as  representing  the  average  loss 
through  neglect  of  spraying,  the  figures  given  here  would  be  increased  very 
materially.  The  writer  has  chosen  the  more  conservative  estimate,  how- 
ever, and  believes  he  is  safe  in  stating  that  New  York  alone  loses  over 
three  million  dollars  annually  through  this  one  form  of  neglect  on  the  part 
of  its  apple-growers,  and  that  a  corresponding  loss  of  over  forty-five 
million  dollars  is  suffered  by  growers  throughout  the  United  States. 

It  is  of  course  impossible  to  determine  what  proportion  of  this  loss  is 
due  to  scab.  In  the  northern  States  scab  is  the  all-important  fxmgous  disease 
of  the  apple  and  is  the  cause  of  a  large  proportion  of  the  loss;  while  in 
some  of  the  more  southern  States  other  diseases,  such  as  bitter  rot,  blotch, 
and  the  like,  outrank  scab  in  importance.  While  the  codling  moth  is  generally 
distributed  throughout  the  United  States  and  is  very  destructive,  a  large 
percentage  of  wormy  apples  are  also  scabby  and  the  disease  alone  wouU 
be  responsible  for  great  loss  even  if  there  were  no  codling  moth. 

Nature  of  the  loss 

Ordinarily  the  reduction  in  quality  of  scabby  apples  is  considered  to 
be  the  main  cause  of  loss.  This,  while  it  is  important,  is  only  one  of  the 
several  factors.  It  will  be  shown  later  that  early  scab  infection,  if  not 
controlled,  in  some  years  almost  entirely  prevents  the  setting  of  fruit; 
it  also  very  materially  reduces  the  size  of  individual  apples,  while  a  single 
lesion  retards  growth  on  the  affected  side  and  causes  imsymmetrical 
development  (Plate V,Fig.  2).  The immistakable  dwarfing  effect  has  been 
apparent  in  experimental  work  during  two  epidemic  years  of  apple  scab, 
when  it  was  noticed  that  apples  from  imsprayed  trees  were  imiformly 
smaller  than  those  from  sprayed  trees.  Green  (1891)  determined  that 
there  was  a  loss  in  size  of  fifty  per  cent  on  scabby  fniit  as  compared  with 
sound  fruit. 

A  fourth  important  factor  of  loss  to  be  considered  is  the  effect  on  the 
keeping  qualities  of  the  fruit.  This  effect  is  indirect,  in  that  the  disease 
furnishes  a  point  of  entrance  for  Cephalothecium  roseum,  the  pink-rot 
organism,  Penicillium  expansum,  the  brown  ripe-rot  fungus,  Sphaeropsis 
mcdorum,  the  black-rot  fimgus,  and  other  organisms. 

(189X)  Green.  W.  J.    The  spraying  of  orchards.    Ohio  Agr.  Exp.  Sta.    Bui.  4:9:  i93-ai3. 
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In  addition  to  the  immediate  effect  on  the  crop  of  the  current  year, 
there  is  doubtless,  in  case  of  severe  leaf  infection,  a  devitalizing  effect  on 
the  tree  as  noted  by  Bailey  (1895,  PP-  13-14)-  To  some  d^;ree  this  pre- 
vents the  formation  of  fruit  buds  for  the  following  year  and  hinders  the 
normal  wood  growth  which  is  the  basis  for  future  crops. 

Loss  of  fruit  set  due  to  the  disease 

The  majority  of  apple-growers  have  believed  for  years  that  the  occur- 
rence of  cold  rains  during  the  blossoming  period  is  the  cause  of  failure 
of  fruit  to  set.  There  is  ample  evidence,  however,  that  the  scab  disease 
occurs  abimdantly  on  the  pedicels  in  certain  years  —  as  in  1910  —  and 
causes  the  blossoms  or  the  yoxmg  fruit  to  fall  (Plate  VII,  Figs,  i  and  2,  and 
cover-page  figure).  It  is  even  claimed  by  Reddick  (1913)  that  cold  rains  at 
blossoming  time  are  not  a  factor  in  the  setting  of  fruit,  but  that  the  scab 
disease  is  the  factor  involved.  The  following  instances  may  be  cited  as 
showing  that  destruction  of  the  blossoms  and  the  yoxmg  fruit  by  scab 
furnishes  an  important  source  of  loss,  which  is  often  overlooked  because 
of  the  inconspicuous  character  of  the  disease  at  this  stage  or  is  attributed 
to  various  causes  such  as  poor  pollination,  bad  weather,  and  the  like: 

A  general  failure  of  the  apple  crop  apparently  due  to  this  cause  is  noted  by 
Bailey  (1895)  to  have  occurred  during  the  summer  of  1894.  In  regard  to 
the  cause  of  this  failure  Bailey  writes  (on  page  20  of  the  bulletin  cited) : 
**  I  have  visited  over  twenty  orchards  in  the  western  part  of  the  State 
this  year  in  which  there  were  large  crops  of  excellent  quality,  but  all  of 
these  had  been  sprayed  with  pans  green  or  bordeaux  mixtiue,  or  both, 
all  of  them  were  pruned  and  the  land  was  in  *  good  heart.'  "  In  general 
the  orchards  were  almost  barren  in  that  year,  and  the  smallness  of  the 
crop  was  usually  in  proportion  to  the  degree  of  neglect  to  which  the 
orchards  were  subjected.  In  another  place  Bailey  states  (on  page  10): 
"  But  the  immediate  cause  of  most  of  our  apple  failures  of  the  last  few 
years,  is  undoubtedly  the  apple  scab  fungus."  Again  (on  page  18) :  **  The 
best  proof  that  the  apple  scab  fungus  is  the  immediate  cause  of  the  greater 
part  of  the  apple  failures  of  western  New  York  is  afforded  by  the  fact 
that  thorough  spraying  with  bordeaux  mixture  is  usually  followed  by  a 
great  increase  in  the  productiveness  of  the  orchard."  While  it  is  not 
stated  here  just  how  the  disease  so  greatly  decreased  the  productiveness 
of  the  orchards,  there  is  no  doubt  that  the  decrease  was  brought  about 
principally  by  the  occurrence  of  scab  on  the  pedicels  of  the  blossoms  or 
the  yoimg  fruit  at  an  early  stage,  causing  them  to  fall. 

(1895)  Baiky.  L.  H.    Th«  recent  ai>ple  faaures  of  weBtern  New  York.    Comdl  Univ.  Agr,  Bxp.  Sta. 
Btu.  84: 1-34. 
(1913)  Reddick.  D.    The  apple  scab  situatioa.    West.  New  York  Hort.  Soc.    IVoc  58:86-90. 


Digitized 


by  Google 


Scab  Disease  op  Apples  553 

Lodeman  (1895)  cites  an  instance  in  which  the  crop  was  entirely 
destroyed  by  this  form  of  attack,  as  shown  by  the  fact  that  iinsprayed 
trees  bore  no  fruit  while  there  was  a  large  crop  on  trees  properly  sprayed. 

Marlatt  and  Orton  (1906)  state  that  "  the  yield  of  fruit  per  tree  is 
greatly  lessened  whenever  scab  is  present:  (i)  by  the  premature  dropping 
of  yofiing  apples,  due  to  the  attacks  of  the  scab  fungus  on  flowers,  stems, 
and  fruits  soon  after  the  blossoms  fall;  (2)  by  the  smaller  size  of  the  scabby 
apples  that  mature;  and  (3)  by  the  loss,  just  before  picking,  due  to  the  fact 
that  scabby  fruit  does  not  cling  well  to  the  tree." 

Scott  and  Quaintance  (1907)  note  that  scab  not  infrequently  causes 
total  failure  of  the  crop,  by  killing  the  young  fruit  when  in  blossom  or 
soon  after. 

Gossard  (1909)  reports  that  scab  disease  caused  a  large  proportion 
of  the  yoimg  fruit  to  fall  from  unsprayed  Winesap  trees  almost  as  soon 
as  it  had  set. 

Taft  and  Wilken  (1909),  in  their  report  for  1908,  make  the  fol- 
lowing statement:  "  If  the  early  spraying  was  done  at  the  proper  time, 
the  work  of  the  fungus  which  attacks  the  blossom  stem  and  causes  the 
blossom  to  drop  was  prevented." 

Selby  (1910)  states  that  scab  often  causes  the  young  fruit  to  fall,  and 
that  often  this  falling  or  failure  of  the  fruit  to  set,  which  is  attributed  to 
frost  injury  or  poor  pollination,  is  really  due  to  scab. 

Pink  rot  following  scab 

This  is  another  important  factor  for  consideration  in  connection  with 
the  causes  of  loss  due  to  apple  scab.  The  first  serious  outbreak  of  pink 
rot  apparently  occiured  during  the  season  of  1902  and  was  reported  almost 
simultaneously  by  Eustace  (1902)  of  Geneva  and  by  Craig  and  Van 
Hook  (1902)  of  Cornell  University.  The  fungus  causing  the  disease, 
Cephalothecium  roseum  Cda.,  was  foimd  to  attack  the  apple  almost  entirely 
through  wounds  in  the  cuticle  and  in  the  epidermis  caused  by  scab.  The 
fimgus  had  formerly  been  considered  a  saprophyte,  although  Aderhold 
(1899)  had  reported  a  case  in  which  it  caused  rot  of  pears  following  scab 
infection. 

(189s)  Lodcman.  E.  G.    The  sprajring  of  orchards.    Cornell  Univ.  Agr.  Exp.  Sta.    Bui.  86:119. 

(1899)  Aderhold,  Rudolf.  Arbeiten  der  botanischea  abteilung  der  Versuchsstation  des  Kgl.  pomolo- 
gischen  Instituts  zu  Proskau.    Centbl.  bakt.  2:5:532. 

(1902)  Eustace.  H.  J.  A  destructive  apple  rot  following  scab.  New  York  (Geneva)  Agr.  Bxp.  Sta. 
BuL  227:367-389. 

(1902)  Craig,  John,  and  Van  Hook,  J.  M.  Pink  rot.  an  attendant  of  apple  scab.  Cornell  Univ.  Agr. 
Exp.  Sta.    Bui.  207:157-171. 

(1906)  Marlatt.  C.  L.,  and  Orton,  W.  A.  The  control  of  the  codling  moth  and  apple  scab.  U.  S.  Agr. 
Drat.    Farmers'  bul.  247: 12. 

(1907)  Scott.  W.  M.,  and  Quaintance.  A.  L.  Spraying  for  apple  diseases  and  the  codling  moth  in  the 
Oxarks.    U.  S.  Agr.  Dept.    Farmers'  bul.  283:20. 

(1909)  Goesard,  H.  A.    Apple  spraying  in  1908.    Ohio  Agr.  Exp.  Sta.    Circ.  9S:4» 

(1909)  Taft,  L.  R.,  and  Wilkcn.  P.  A.  Annual  report  of  the  South  Haven  sub-sUtion  for  1908.  Michigan 
Agr.  Bxp.  Sta.    Spec.  bul.  48:16. 

(1910)  Selby.  A  D.  A  brief  handbook  of  the  diseases  of  cultivated  pUnts  in  Ohio.  Ohio  Agr.  Bxp.  Su. 
Bul.  2x4:371. 
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According  .to  the  three  authors  first  named  above,  apple  scab  had  been 
very  commoi>'  during  the  summer  of  1902.  Late  in  the  season,  in  August 
and  September  while  the  fruit  was  yet  on  the  trees,  it  was  observed,  as 
stated  by  Eustace,  that  on  some  of  the  scab  spots  there  appeared  a  white 
or  pinkish,  mildew-like  growth.  A  little  later  this  growth  produced  a 
brown,  sunken,  bitter  rotten  spot.  On  very  scabby  apples  these  spots 
soon  coalesced  and  the  fruit  became  a  mass  of  decay. 
Some  rot  develops  in  the  fruit  while  it  is  on  the  trees,  as  stated  above, 

but  the  greater  de- 
struction occurs  soon 
after  the  fruit  has 
been  stored  or  while 
it  is  in  piles  on  the 
ground.  The  occur- 
rence of  this  disease 
has  been  common  to 
a  greater  or  less 
degree  since  1902. 
During  the  season 
of  1 910  considerable 
pink  rot  developed 
in  many  sections  of 
the  State  where  scab 
was  not  kept  well 
under  control. 

ETIOLOGY 


'^ms^^ 


Pig.  182. —  Conidial  stage  of  Veniuria  incequalis.  The  section 
through  a  scab  spot  shows  the  fungus  stroma  located  beneath 
the  cuticle  and  in  the  epidermal  cells,  conidi^phores,  and 
the  development  of  conidia.  The  growth  of  the  fungus, 
especicUly  the  development  of  conidia^  lifts  the  cuttcle.  A 
few  of  the  conidiophores  show  the  scars  where  spores  were 
developed  earlier  %n  the  season,  {See  also  Plate  VI,  Fig. 
2,)    Camera  lucida  drawing 


Morphology 

The  apple-scab 
disease  is  caused  by 
the  fungous  pathogen  Venturia  incBqualis,  The  myceliimi  of  the  fungus 
is  in  some  cases  hyaline  when  yoimg,  but  it  soon  becomes  tinted  and 
varies  from  olivaceous  to  reddish  brown.  It  is  septate,  branches  very 
irregularly,  and  is  subject  to  modifications  as  influenced  by  environment, 
varying  particularly  in  the  different  stages  of  the  life  cycle  of  the  fungus. 
The  hyphae  vary  from  3  to  5  m  in  diameter  in  the  living  host,  but  in  the 
dead  leaves  they  may  be  as  much  as  twice  this  size  (Plates  IX  and  X). 
In  the  living  host  the  myceliiun  will  be  fotmd,  in  the  early  stages  on 
leaves,  confined  to  a  region  between  the  cuticle  and  the  epidermal  cells; 
on  the  fruit  the  epidermal  cells  are  attacked  and  usually  destroyed. 
Previous  to  the  formation  of  conidia  this  subcuticular  myceliiim  divides 
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into  one  or  more  layers  of  densely  packed,  rounded,  and  at  first  hyaline 
cells  (stroma),  from  which  the  conidiophores  are  produced  (Fig.  182). 
The  outer  layers  later  take  on  a  brownish  tint.  On  the  leaves  this  stroma 
may  consist  of  only  one  layer  of  cells,  but  more  than  one  layer  is  likely 


Fig.  183. —  Mature  perithecium  of  Venluria  incequalis.  The  section 
shows  the  method  of  formation  of  tisci,  mature  ascospores,  the  method 
of  ejection  of  ascospores,  and  the  bristles  that  sometimes  occur  about 
the  ostiole.     Outlined  with  a  camera  lucida 

to  occur  over  the  veins  or  the  firmer  parts  of  the  leaves.  On  the  fruit 
the  number  of  layers  is  much  greater,  due  apparently  to  the  fact  that  the 
thicker  cuticle  offers  a  greater  resistance  which  is  not  overcome  imtil 
the  time  for  the  formation  of  more  cells  has  elapsed.  This  resistance 
is  apparently  overcome  partly  by  means  of  a  solvent  action  of  the  fungus 
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(as  shown  in  Pig.  182,  where  the  cuticle  is  found  to  have  been  eaten  away 
from  beneath,  directly  over  the  subcuticular  mycelium),  and  partly  by 
the  pressure  exerted  which  finally  pries  the  cuticle  loose.  The  conidio- 
phores  that  arise  from  these  cells  are  reddish  brown  in  color  and  while 
young  are  somewhat  ovate  in  form.  They  have  an  inner  hyaline  wall 
which  protrudes  from  the  apex  to  form  the  spore.  At  first  the  spores  are 
hyaline  and  are  rounded  in  a  sac-like  manner  at  the  free  end,  but  later 
they  become  reddish  olive-colored  and  are  mostly  lanceolate  but  some- 
what irregularly  so  and  variable  in  form.  They  are  mostly  unicellular, 
but  in  the  later  stages  a  septimi  is  often  formed.  They  are  rather  variable 
in  size,  measuring  12  to  22  /i  in  length  by  6  to  9  /i  in  breadth.  The  form 
and  general  appearance  of  the  conidiophore  changes  with  its  age  and  the 
number  of  conidia  that  it  has  produced.  The  older  conidiophores  assume 
a  more  or  less  irregular  form,  showing  a  distinct  knee  and  a  change  in 
the  axis  of  growth  at  the  point  where  each  spore  was  borne.  They 
are  usually  tmicellular,  but  sometimes  old  conidiophores  become 
septate. 

The  perithecia  are  imbedded  in  the  tissue  of  the  leaf,  usually  protruding 
sufiiciently  to  form  a  small  dome-shaped  pimple  (Fig.  183)  which  is  some- 
times large  enough  to  be  easily  visible  to  the  naked  eye  but  at  other  times 
only  discernible  by  the  aid  of  a  lens.  They  are  spherical  or  subspherical, 
90  to  160  M  in  diameter,  with  a  somewhat  beak-like  projection  at  the  ostiole. 
Six  or  more  simple  tapering  bristles  25  to  75  m  in  length  sometimes  sur- 
round the  ostiole.  The  perithecial  wall  is  dark  olive-green  to  brown  in 
color,  with  polygonal  reticulations.  The  asd  are  oblong  to  clavate,  often 
somewhat  curved,  55  to  75  m  by  6  to  12  /i.  without  paraphjrses.  The 
ascospores  are  olive-brown,  two-celled,  with  the  upper  cell  somewhat 
broader  than  the  lower,  11  to  15  m  by  5  /i-  There  are  eight  ascospores  in 
each  ascus. 

Notnenclature 

As  early  as  1819  Fries  (1819)  applied  the  name  SpiloccBa  Pomi  to  the 
conidial  stage  of  the  apple-scab  fungus.  Wallroth  (1833)  described  the 
same  fungus  under  the  name  Cladosporium  dendriticum.  Fuckel  (1869) 
transferred  the  fungus  to  the  genus  Fusicladium  and  called  it  Fusicladium 
dendfiticum  (Wallr.)  Fckl.  Cooke  (1866)  described  the  asdgerous  stages 
of  the  forms  occurring  on  both  apple  and  pear  as  Sphterella  ifUBqualis. 
Clinton  (1901)  notes  that  Winter  seems  to  have  been  the  first  to  place 
the  species  under  the  genus  Venturia,  since  the  specimens  on  apple  leaves 
distributed  in  1880  in  von  Thumen*s  Mycotheca  Universalis  No.  1544  are 

(18 19)  Pries.  Bliat.    Spflocaea  Pomi  Pr.    Nov.  fl.  Suec  5:  79. 

I  1833)  Wallroth,  P.  G.    Cladosporium  dendriticum  W.    PI.  crypt.  Germ.  2:4:169. 
1866)  Cooke.  M.  C.    SphjereUa  iiuKiualis  Cke.     Tourn.  bot.  4:248-249. 
18691  Puckel.  L.    Puticladium  dendriticum  (Wur.).    Symb.  mycj^.  3S7. 
1880)  Winter,  Georg.    Venturia  inwniialia  Wmt.    Kf  yc.  uni..  von  Thumcn,  no.  1544* 
1901)  Clinton,  G.  F.    Apple  acab.    Illinoit  Agr.  Bxp.  Sta.    BuL  67:123* 
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Plate  VIII. —  Perithecial  stage  of  Venturia  ituequalis 

Pig.  j. —  Photomicrograph  of  the  under  surface  of  a  leaf  thickly  dotted  with  perithecia 

of  Venturia  ina&tkUis 
Pig.  2. —  Same  as  Fig.  /,  except  that  dehiscence  has  occurred  in  a  drcumscissUe  manner 
leaving  cavities  in  the  leaf.      The  saucer-shaped  base  of  the  perithecium  was  found  in 
some  of  these 
Pig.  3. —  Same  leaf  as  is  shown  in  Fig.  /,  showing  peri^uda  on  upper  surfau  of  the  leaf 
Pig.  4. —  Photomicrograph  of  a  perUhecium  in  action.    The  perithecium  was  pricked 
out  of  the  leaf  with  a  needle  and  was  placed  in  a  drop  of  water  on  a  glass  slide.     The 
photograph  was  made  while  spores  were  being  discharged 
Pig.  5. —  Photomicrograph  of  a  free-hand  section  through  a  perithecium.     Tlfis  shows 

the  elongation  of  asci  that  occurs  when  moisture  is  present 
Pig.  6. —  Photomicrograph  of  the  very  young  scab  spot  shown  in  the  upper  left  appk  in 
Plate  V,  Pig.  I.    Shows  how  the  cuttde  is  lifted  by  the  growth  of  the  fungus 
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Plate  VIII. —  Perithecial  stage  of  Venturia  inaqtuUis 
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Plate  IX. —  Germinating  ascospores  of  Venturia  inaqualis,    Ascospores  discharged  from 
perithecia  in  old  leaves  were  caught  on  agar  plates  and  allowed  to  germinate 

Fig.  I. —  Average  germination  after  twelve  hours 
Fig.  2. —  Average  germination  after  thirty-one  hours 
Fig.  3. —  Average  germination  after  forty-two  hours 
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Plate  IX,— Germinating  ascospores  of  Venturiainaqualit^y^OOgl^ 
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Plate  X.—  Same  as  Plate  IX 

Pig.  I. —  Average  germination  after  fifty-one  hours 

Fig.  2. —  Average  germination  after  seventy-two  hours 

Pig.  3. —  Average  germination  after  one  hundred  and  twenty  hours 

Fig.  4. —  Mycelium  and  spores  more  highly  magnified 
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Plate  X. —  Germinating  ascospores  of  Venluria  inagualis 
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caUed  VenHiria  ituBqwdis  Wint.  in  litt.  Aderhold  (1897)  also  places 
this  fungus  in  the  genus  Venttuia,  calling  it  V.  inmqualis  (Cke.)  Ad., 
apparently  not  knowing  that  it  had  been  listed  previously  by  Winter. 

From  the  work  of  Aderhold  (1894)  it  is  known  that  Fustcladium  dendri- 
ticum  is  merely  a  conidial  stage  of  a  peritheda-forming  fungus  of  the 
genus  Venturia.  According  to  present  rules  of  nomenclattire,  then,  the 
fungus  should  be  known  as  Venturia  itUBqualis  (Cke.)  Wint. 

Relationships  and  host  plants 

Aderhold  (1900)  states  that  Fusicladium  dendriticum  occurs  on  many 
Pyrus  species  of  the  Mains  group  (P.  spectabilis  Ait.,  P.  Kaido  Sieb.,  P. 
floribunda  Sieb.,  P.  baccata  L.,  P.  prunifolia  Willd.,  P.  rivularis  Hook., 
P.  divica  Mnch.).  A  variety,  Aderhold  states,  is  foimd  to  occur  on  species 
of  Sorbus  and  apparently  also  on  Crataegus.  In  regard  to  the  two  last 
named,  however,  Aderhold  was  convinced  by  later  experiments  that  these 
forms  are  entirely  distinct  from  F.  dendriticum. 

Previous  to  later  work  of  Aderhold  (1903)  the  Pusicladiaon  Crataegus 
and  Sorbus  were  supposed  to  be  varieties  of  the  apple-scab  fimgus,  and 
thus  capable  of  infecting  the  apple.  In  this  later  article  the  author  records 
cultural  experiments  in  which  the  Venturia  fotmd  on  Crataegus  was  shown 
to  produce  the  typical  conidial  stage  of  Fusicladium  crataegi  Adh.,  a 
species  distinctly  different  from  F.  dendriticum.  Aderhold  concludes  that 
the  fungus  on  Crataegus  is  entirely  distinct  from  that  on  the  apple,  and 
that  there  need  be  no  fear  of  Crata^fus  as  a  means  of  infecting  the  apple. 
In  the  same  article  he  records  experiments  designed  to  determine  whether 
Fusicladium  orbiculcUum  Denn.  or  Sorbus  torminalis,  which  is  closely 
related  to  F.  dendriticum  morphologically,  can  infect  the  apple.  Inocula- 
tions were  made  with  cultures  derived  from  the  form  foimd  on  Sorbus, 
with  the  result  that  abundant  infection  followed  on  S.  torminalis,  but  none 
on  apple  trees,  on  5.  domestica,  or  on  Pyrus  chamaemespilus,  Aderhold 
states,  however,  that  negative  proof  is  not  entirely  decisive  and  that  the 
experiments  should  be  repeated  in  order  to  obtain  a  positive  decision. 
The  writer  has  not  attempted  cross-inoculation. 

Life  history 
Perithecial  stage 

It  is  well  known  to  pathologists  that  Venturia  inaqualis  has  two  distinct 
stages  in  its  life  cycle.    The  writer's  observations  on  the  life  history  of 

(1894)  Aderh<^  Rudolf.  Die  perithecienform  von  Pmicladium  dendriticum  Wal.  (Venturia  chloros- 
pora  f.  Mali).    Dent.  Bot.  GeselL    Ber.  12:338-343. 

(1897)  Aderhold,  Rudolf.  Revision  dcr  species  Venturia  chlorospora,  inaequalis.  und  ditricha  autonun. 
Hedw.  36:81. 

(1900)  Aderhold,  Rudolf.    Die  Pusicladien  unsercr  obstb&ume.    Centbl.  biVt.  2:6:S93-S9S' 

(1903)  Aderhold.  Rudolf.  Kann  das  Fusicladium  von  Crataegus  und  von  Sorbus-arten  auf  den  apfel- 
baum  Qbergehn?    Kaiserlicbes  Gesundheitsamt,  Biol.  Abt.  Land- u.  Porstw.    Arb.  3:436-439. 
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the  fungus  began  with  a  study  of- the  perithecial  stage  during  the  spring 
of  1908.  L.  F.  Strickland,  who  was  at  that  time  a  special  student  in  the 
Department  of  Plant  Pathology  at  Cornell  University,  located  a  crab- 
apple  tree  on  the  campus  which  fiutiished  abundant  material  for  a  study 
of  the  ascigerous  stage.  After  having  become  interested  and  having 
learned  what  to  look  for,  the  writer  had  no  diflSculty  in  finding  perithecia 
in  old  leaves  under  apple  trees  in  other  localities.  Many  investigators 
appear  to  have  had  considerable  difficulty  in  finding  this  stage  of  the 
fungus;  but  the  writer  is  convinced,  from  the  experience  of  three  seasons, 
that  it  can  be  found  easily  almost  any  spring  following  a  year  of  foliage 
infection  if  looked  for  carefully  at  the  right  time.  Material  in  abundance 
was  foimd  easily  in  1909,  1910,  and  191 1. 

The  perithecia  appear  most  abundantly  on  the  exposed  surface  of  the 
leaf  as  it  lies  on  the  ground.  They  are  often  not  easily  discernible  with 
the  naked  eye,  but  appear  under  a  lens  as  small,  dome-shaped  pimples 
on  the  surface  of  the  leaf.  They  are  sometimes  confused  with  the  fruiting 
bodies  of  other  fungi  which  are  very  similar  in  external  appearance  to 
the  perithecia  of  Venturia  and  which  are  frequently  more  abimdant  than 
the  latter.  However,  by  one  who  is  familiar  with  their  appearance  they 
can  usually  be  distinguished  from  other  forms  on  examination  with  a 
hand  lens  (Plate  VIII,  Figs,  i,  2,  and  3);  the  pimples  commonly  have 
more  of  a  dome-like  form  and  are  plumper  than  those  of  other  fungi  that 
are  likely  to  be  confused  with  them. 

Development  of  perithecia 

The  perfect  stage  of  the  ftmgus  begins  to  develop  in  fall  or  early  winter. 
After  the  scab-infected  leaves  have  fallen  and  decay  has  set  in,  the 
mycelium,  which  during  the  simmier  does  not  penetrate  deeper  than  the 
epidermis,  permeates  the  entire  leaf  tissue  and  sometime  during  the  fall 
or  winter  begins  to  form  perithecia.  This  winter  development  has  not 
been  studied  very  carefully,  but  a  few  notes  were  made  at  various  intervals 
during  the  winter  and  spring  of  1908-1909.  Scabby  leaves  were  brought 
in  during  the  latter  part  of  November,  1908,  and  parts  of  these  leaves 
were  cooked  in  potassiimi  hydroxid.  This  did  not  make  it  possible  to 
separate  the  epidermis  from  the  imderlying  tissue,  as  had  previously  been 
the  case.  It  seemed  as  if  the  mycelium  had  already  permeated  the  tissue 
and,  as  it  were,  sewed  the  epidermis  fast. 

On  February  26,  1909,  leaves  were  examined  and  found  to  contain 
immature  perithecia.  At  this  date  the  asci  were  filled  with  a  homogeneous 
mass  of  protoplasm  which  had  not  yet  become  differentiated  to  form 
spores.  When  the  perithecia  were  pricked  out  in  water  these  imma- 
ture asci  would  push  out  through  any  wounds  in  the  perithecium,  but 
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they  were  not  seen  to  push  out  through  the  ostiole  which  was  probably 
not  yet  open.  In  some  cases  there  was  so  much  expansion  of  the  asci, 
due  to  the  absorption  of  water  which  was  evidently  admitted  through 
the  woimds,  that  dehiscence  occurred,  bursting  off  the  upper  half  of  the 
peritheciiun  in  a  manner  similar  to  that  to  be  described  as  occurring  in 
the  case  of  naature  perithecia.  It  would  seem,  then,  that  even  at  this 
early  date  the  immature  asci  have  the  ability  to  absorb  water  and  exert 
a  pressure  similar  to  that  exerted  later  by  means  of  which  the  discharge 
of  spores  is  brought  about.  It  is  evident  that  in  nature  this  premature 
action  is  in  some  way  prevented. 

Some  of  the  leaves  brought  in  on  February  26  were  kept  in  a  moist 
chamber  in  the  laboratory  imtil  March  20,  when  they  were  examined. 
The  spores  had  been  formed  and  some  were  evidently  ripening  at  that 
date,  since  they  were  somewhat  brown.  Some  shooting  of  spores  also 
occurred.  This,  it  will  be  noted,  is  almost  one  and  one  half  month  earlier 
than  the  same  stage  of  development  was  reached  under  natural  conditions; 
in  leaves  from  out  of  doors  the  asd  were  much  less  mature  at  this  date. 
In  some  asci  the  protoplasm  had  just  begtm  to  differentiate  to  form 
spores  and  the  few  spores  formed  were  still  hyaline;  in  other  asci  the 
protoplasm  still  existed  as  a  homogeneous  mass  in  the  ascus.  The 
perithecia  were  small  and  inconspicuous  and  were  likely  to  be  overlooked. 
It  was  especially  noticeable  during  19 10  that  the  perithecia  remained 
inconspicuous  until  near  the  end  of  their  maturity,  when  they  enlarged 
somewhat.  It  was  difficult  to  find  infested  leaves  imtil  the  apple  blossoms 
were  about  ready  to  open. 

Clinton  (1901)  found  signs  of  perithecial  formation  in  sections  of  fallen 
leaves  made  as  early  as  October,  and  could  occasionally  connect  these 
perithecia  by  mycelial  thread  with  the  subcuticular  mycelium.  He  notes 
that  the  perithecia  usually  occur  on  the  fewer  side  of  the  leaf,  especially 
along  the  veins,  and  believes  that  they  usually  originate  from  a  late 
infection  on  the  lower  side  of  the  leaf.  In  the  writer's  observations 
during  the  past  three  seasons,  perithecia  have  been  found  to  occur 
abundantly  on  both  sides  of  the  leaf.  They  seem  to  develop  mostly  on 
the  side  that  faces  upward  as  the  leaf  lies  on  the  ground.  There  appears 
to  be  a  negatively  geotropic  tendency. 

Titne  of  tnaiurity  of  ascospores 

In  natiu^  the  ascospores  usually  begin  to  mature  at  or  about  the  time 
when  the  apple  blossoms  are  ready  to  open.  In  1908  mature  spores  were 
found  on  May  4  and  in  1910  on  May  i ;  the  blossoms  were  about  to  open 
in  each  case.    The  exact  date  for  1909  is  not  available  but  it  did  not  differ 

(1901)  Clinton,  G.  P.    Apple  scab.    Illinois  Agr.  Exp.  Sta.    Bui.  67:121. 
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materiaUy  from  those  given  fcM-  1908  and  1910.  The  ascospores  ^  not 
all  mature  at  one  time  and  the  ripening  process  may  ^''^^\^'^' 
one  month.  These  points  are  discussed  more  m  detail  and  the  results 
of  observations  are  tabulated  elsewhere  in  this  bulletin. 

Discharge  0}  ascospores  ..... 

.  .  ^«,  AMnilpd  study  of  the  mature  penthecaum,  some 

Turning  now  to  a -o- ^^^^      s^^y^^  ^^  ^^^^^  ^^  ^^^^  ^^  ^^ 

interesting  P^^^"^^^^^^  of  discharge  of  the  ascospores.     Seveml 

was  nmde^  observ^ing  this  phenomenon  were  employed.     First,  leaves  con- 
metho  s  ^^^^^^,^  ^^^^  sectioned  and  the  discharge  of  spores  from  the 
taining  p  ^^^  ^^  ^  ^^^^  ^^.^^  ^^^^  obser\^ed  under  the  microscope.     This 
^^^  rather  an  unnatural  condition,  since  the  sectioning  usually  cut  the 
rithecia  open  thus  exposing  the  asci  to  free  access  of  the  water.     A  more 
natural  method  seemed  to  be  to  softeta  the  leaves  and  prick  out  the  peri- 
thecia  with  a  needle,  place  them  in  water  on  a  slide,  and  observe  their 
method  of  discharge.    A  photomictx)graph  of  a  peritheciiun  thus  treated 
is  shown  in  Plate  VIII,  Fig.  4.    Even  with  this  method  the  conditions 
are  somewhat  abnormal,  since  it  is  impossible  to  prick  out  the  perithecia 
without  inflicting  certain  woimds  which  seem  to  admit  water  prematurely 
and  thus  premature  extrusion  of  the  asci  and  dehiscence  of  the  peri- 
thecia are  sometimes  caused.     From  a  study  of  this  nature,  however, 
accompanied  by  a  study  of  spore  discharge  in  situ  on  the  leaf,  much  can 
be  learned. 

It  was  noticeable  throughout  the  study  that  any  wounding  of  the  peri- 
thecium  induces  more  rapid  discharge  of  ascospores  and  evert  induces  dis- 
charge of  spores  from  perithecia  that  are  imanature.  It  would  seem  that 
the  expansion  and  extrusion  of  the  asci  and  the  discharge  of  spores  is 
due  to  the  absorption  of  water  .by  the  asci,  and  that  premature  discharge 
of  the  spores  is  prevented  only  by  the  fact  that  the  perithecia  in  some 
way  prevent  premature  or  too  rapid  admission  of  water. 

Another  point  of  interest  along  this  line  is  that  when  the  perithecia 
are  wounded  and  the  consequent  abnormally  rapid  extrusion  of  the  asd 
takes  place,  it  sometimes  happens  that  the  number  of  asd  thus  forced 
into  action  at  one  time  is  greater  than  can  be  accommodated  by  the  ostiole. 
Consequently  a  greater  pressure  is  exerted  than  the  perithediun  can  with- 
stand, and  the  upper  half  is  burst  off  thus  exposing  all  the  asd  at  once. 
This  was  first  noticed  in  studying  perithecia  pricked  out  of  leaves  and 
placed  in  water  on  the  slide.  In  many  cases  these  perithecia  would  be 
seen  to  dehisce  as  described  above.  In  Fig.  184  is  shown  a  camera  ludda 
drawing  made  at  <Jifferent  stages  of  the  above-described  process.  The 
dehiscence  is  always  drcumscissile,  occurring  nearer  to  the  base  than  to 
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the  ostiole  of  the  perithecium,  apparently  just  above  the  point  of  attach- 
ment of  the  asci  so  that  the  latter  adhere  to  the  basal  part. 

A  subsequent  examination  of  leaves  containing  peritheda  revealed  the 
fact  that  a  drcumscissile  dehiscence  similar  to  that  observed  under  arti- 
ficial conditions  occasionally  occurs  also  in  nature.  Certain  leaves  could 
be  foxmd  in  which  the  crowns  of  many  of  the  perithecia  had  been  burst 
off,  carrying  with  them  the  adhering  fragments  of  the  epidermis  of  the 
leaf  and  leaving  the  saucer-shaped  bases  of  the  perithecia  in  situ  in  the 


Pig.  184. —  drcumscissile  dehiscence  of  the  perithecium,  showing  two  stages  in  the  rupture 
of  the  same  perithecium.    Outlined  with  a  camera  lucida 

leaf.  A  photomicrograph  of  the  surface  of  such  a  leaf  is  shown  in  Plate 
VIII,  Fig.  2.  This  phenomenon  was  found  to  be  fairly  common  in  1908 
but  has  since  been  observed  only  occasionally.  It  is  possible  that  some 
particular  condition  of  the  season  of  1908  favored  this  method  of  spore 
discharge. 

Clinton  (1901)  makes  the  following  statement,  which  is  suggestive 
when  considered  in  connection  with  what  is  stated  above:  "  When  mature 
[perithecia]  are  more  or  less  loosely  imbedded  in  the  leaf  tissues  and  at 
the  time  of  their  disappearance  infected  leaves  often  show  ntunenms  small 

(1901)  Clinton.  G.  P.    Apple  scab.    Illinois  Agr.  Exp.  Su.    Bui.  67:122. 
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holes  where  they  have  been  imbedded.**  The  writer  has  little  doubt 
that  the  **  small  holes  **  thus  observed  were  similar  to  those  shown  in 
Plate  VIII,  Fig.  2,  and  were  the  restdt  of  dehiscence  as  described  above 
rather  than  of  the  mechancial  removal  of  the  entire  perithecitmi. 

McAlpine  (1904),  who  studied  this  fungus  in  Australia,  notes  that  "the 
perithecia  or  spore  cases  soon  fall  away  from  the  dead  leaves,  so  that  by 
the  middle  of  October  scarcely  a  single  one  could  be  obtained  from  leaves 
still  on  the  groxmd,  though  the  minute  holes  showing  where  they  had 
been  were  plainly  visible.'*  Here  again  it  seems  evident  that  these  "minute 
holes**  in  the  leaves  were  the  result  of  such  dehiscence.  The  perithecia 
are  certainly  not  so  loosely  imbedded  in  the  leaves  that  they  fall  out 
merely  from  their  own  weight. 

Another  method  of  studying  ascospore  discharge  is  to  place  glue-coated 
slides  in  an  inverted  position  over  moistened  leaves  containing  perithecia. 
By  this  means  a  study  was  made  in  order  to  determine  how  high  spores 
may  be  shot;  how  many  may  be  discharged  in  a  given  time  from  a  given 
area  of  leaf  surface;  how  soon  after  wetting  the  leaves  the  discharge  may 
begin;  how  long  it  may  continue  and  how  long  a  single  perithecium  may 
continue  to  discharge  spores;  and  whether  the  continued  discharge,  cover- 
ing a  period  of  several  weeks  during  the  spring  and  early  summer,  is  due 
to  the  ripening  of  new  perithecia  or  of  new  asci  in  the  same  perithecitun. 

No  spores  were  caught  on  slides  placed  higher  than  i.i  centimeter 
above  the  leaf,  and  but  few  at  this  height.  At  .5  centimeter  a  lai^ge 
number  were  caught. 

From  a  fragment  of  leaf  i  centimeter  square  5630  spores  were  discharged 
in  forty-five  minutes.  From  this  it  is  estimated  that  if  the  surface  of 
the  ground  beneath  trees  set  40  by  40  feet  apart  were  covered  with  old 
leaves  well  infested  with  perithecia,  there  might  be  8,107,200,000  asco- 
spores  discharged  for  each  tree  in  forty-five  minutes  in  wet  weather.  Cer- 
tainly this  would  be  suflBcient  to  account  for  abtmdant  early  infection, 
even  though  only  a  very  small  percentage  of  these  ascospores  would 
reach  the  trees  and  actually  produce  infection. 

The  discharge  of  spores  begins  very  soon  after  the  leaves  are  wet.  Dry 
leaves  were  brought  in  and  moistened  and  glue-coated  slides  were  inverted 
above  them.  After  five  minutes  the  slides  were  removed  and  examined. 
A  number  of  spores  were  foxmd,  showing  that  spore-shooting  begins  almost 
as  soon  as  rain  begins,  or  within  five  minutes  after  the  leaves  are  wet. 

In  order  to  determine  how  long  a  single  leaf  or  part  of  a  leaf  might  con- 
tinue to  discharge  spores  if  kept  constantly  wet,  pieces  of  perithecia-bear- 
ing  leaves  were  placed  in  a  moist  chamber  under  glue-coated  slides  and 
occasional  examinations  were  made,  new  slides  being  supplied  each  time. 

(1904)  McAlpine.  D.    Bkck  spot  of  the  apple.    Victoria  Agr.  Dept    BtiL  17:  lO. 
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Four  of  these  experiments  were  set  up  on  May  21,  1908.  On  the  next 
day  spores  were  abundant  on  three  slides  and  there  were  a  few  on  the 
fourth.  On  the  second  day  spores  were  abundant  on  one  slide  and 
there  were  a  few  on  the  others.  On  the  third  day  they  were  abundant 
on  one  slide  and  there  were  a  few  on  one  other.  The  fourth  day  showed 
similar  results.  On  the  fifth  day  many  spores  could  be  found  on  the 
slide  above  one  piece  of  leaf.  On  the  tenth  day  a  few  spores  had  been 
discharged  from  the  same  specimen.  On  the  eleventh  day  no  spores 
were  found. 

These  leaves  were  dried  for  eleven  dajrs  and  then  rewet,  in  order  to 
determine  whether  this  might  induce  a  reawakening  of  activities.  The 
results  were  negative.  No  more  spores  were  discharged  from  any  of  these 
leaves. 

It  is  clear  from  this  experiment,  however,  that  under  continuously  wet 
conditions  an  tminterrupted  discharge  of  spores  can  be  expected  for  some 
time.  Under  these  artificial  conditions  a  single  leaf  continued  to  dis- 
charge ascospores  abundantly  for  ten  da)rs.  It  is  probable  that  in  nature 
some  leaves  may  be  found  that  would  continue  even  longer  than  this; 
and  the  fact  that  from  some  leaves  operations  would  begin  earlier  than 
from  others  would  lengthen  the  period  still  more.  It  is  evident,  then, 
that  a  rainy  period  sufficiently  prolonged  to  exhaust  the  leaves  of  asco- 
spores either  temporarily  or  permanently  would  rarely,  if  ever,  occur. 
It  would  seem  probable,  however,  that  a  frequent  succession  of  rainy 
periods  would  exhaust  the  supply  earlier  in  the  season  by  hastening  the 
maturity  and  the  discharge  of  ascospores.  Judging  from  observations 
made  during  the  spring  of  1908,  ascospore  discharge  continues  for  about 
one  month  or  slightly  longer.  It  was  first  noted  on  May  4,  while  leaves 
gathered  on  June  6  were  found  to  contain  only  empty  perithecia. 

Further  experiments  were  tried  in  order  to  determine  whether  the  long- 
continued  production  of  ascospores  is  due  mainly  to  the  continued  ripen- 
ing of  immature  asci  in  the  same  peritheciimi  or  to  the  ripening  of  immature 
perithecia.  Pieces  of  leaves  each  containing  a  single  perithecium  were 
cut  out  with  the  aid  of  a  razor  and  a  dissecting  microscope.  These  pieces 
were  kept  moist  tmder  a  glue-coated  slide,  as  described  above.  Thirteen 
perithecia  were  so  treated,  and  in  no  case  could  it  be  found  that  spores 
were  discharged  continuously  from  a  single  perithecium  for  a  longer 
period  than  one  day.  In  one  experiment  including  six  perithecia,  three 
were  active  on  the  first  day  and  three  others  on  the  second  day;  the  latter 
three  were  evidently  not  quite  ripe  on  the  first  day.  In  another  experi- 
ment including  seven  perithecia,  two  were  active  and  for  the  first  day  only. 

These  experiments  are  not  exhaustive.  They  seem  to  indicate,  however, 
that  individual  perithecia  matiu-e  at  different  times  and  thus  extend  the 
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period  of  ascospore  discharge  over  one  month  or  more  in  the  spring; 
but  that  when  discharge  from  a  given  perithedum  begins,  if  kept  con- 
stantly wet  its  entire  contents  are  discharged  within  twenty-four  hours. 

Cultural  characters  of  the  fungus 

Aderhold  (1896)  grew  the  fungus  successfully  on  a  nimiber  of  artificial 
media;  among  these  he  mentions  leaf  and  stem  infusions  of  various  plants, 
such  as  apple,  pear,  cherry,  birch,  syringa,  and  pink.  He  grew  it  also  on 
fresh  cucumber  sap  and  on  gelatin.  The  cultural  characters  were  alike 
whether  the  fimgus  was  grown  from  ascospores  or  from  conidia. 

Appressoria  were  formed,  which  were  at  first  club-shaped  but  the  clubbed 
ends  of  which  later  enlarged  irregidarly,  somewhat  in  the  form  of  hands 
with  the  fingers  reaching  down  into  the  substratum.  The  appressoria 
became  somewhat  brown  in  color,  and  from  them  developed  colorless 
hyphae  corresponding  to  the  infection  tubes  that  occur  when  germination 
takes  place  on  the  host  plant.  Voges  (1910),  in  describing  the  formation  of 
appressoria,  notes  the  presence  of  a  gelatinous  envelope  which  he  believes 
to  be  important  as  a  means  of  anchorage. 

One  point  of  special  interest  noted  by  Aderhold  is  that  cultures  of  the 
fungus  in  spring  or  early  summer  form  but  little  myceliimi  and  many 
spores;  while  cultures  made  on  the  same  gelatin  in  the  fall  produce  but 
very  few  spores  and  abimdant  mycelial  growth.  This  he  found  to  hold 
true  whether  cultures  originated  from  conidia  or  from  cultures  obtained 
directly  from  the  conidia  from  leaves  in  the  fall.  In  the  hundreds  of 
culttires  made  during  the  two  years,  only  one  exception  to  this  rule  was 
observed.  The  phenomenon  is  attributed  to  a  difference  in  the  age  of  the 
generation.  In  fall  the  mycelium  penetrates  deeply  into  the  tissues  of 
the  dead  leaf,  forming  an  abtmdant  mycelial  development  which  in  spring 
results  in  the  formation  of  perithecia.  Aderhold  is  also  of  the  opinion 
that  the  first  generation  of  the  fungus  which  develops  from  ascospores 
forms  conidia  abimdantly  and  quickly  at  the  expense  of  mycelial  develop- 
ment. Then,  on  the  approach  of  fall,  the  conidial  formation  is  retarded 
and  mycelial  development  is  increased  for  the  purpose  of  favoring  the 
formation  of  perithecia. 

Aderhold  was  not  able  to  develop  the  perfect  stage  to  maturity  in  arti- 
ficial cultures.  He  states,  however,  that  there  appeared  very  abundantly 
in  the  cultures,  from  exhausted  conidial  formations,  bodies  which  he  says 
are  doubtless  to  be  regarded  as  young  perithecia. 

The  writer  experienced  no  diflSculty  in  obtaining  pure  cultures  of  the 
fungus  by  dilution  plates  from  conidia  and  by  inverting  pk.tes  of  agar 
about  one  half  centimeter  above  moistened  leaves  containing  perithecia. 

(1896)  Aderhold.  Rudolf.    Die  Pusicladien  unaerer  obstbiume.    Landw.  jahrb.  as :  888. 
(1910)  Voget.  Ernst.    Die  bek&mpfung  des  Pusicladium.    ZeiUch.  pflanaenkr.  10:385-393* 
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In  the  latter  case  the  ascospores  when  discharged  were  caught  by  the  agar. 
Germinated  spores  were  later  transferred  to  tubes.  It  was  noted  that 
these  ascospores  did  not  germinate  so  quickly  as  did  others  placed  in 
water,  but  they  grew  more  vigorously  later. 

Artificial  inoculations 

Aderhold  (1896),  in  carrying  out  infection  experiments,  tried  several 
methods  of  marking  the  point  of  inoculation  so  as  to  avoid  confusion  with 
natural  infection.  He  used  india  ink  and  seveial  coloring  matters  for 
this  purpose,  but  found  nothing  else  so  successful  as  surrounding  the  point 
of  inoculation  with  Von  Stahl's  cocoa-butter-wax  mixture.  When  the 
leaf  was  all  dried  before  applying  it  and  the  ring  was  not  made  too  narrow, 
this  mixture  adhered  well,  and,  if  not  applied  too  hot,  did  not  injure  the 
leaf  nor  prevent  germination  of  the  spores. 

The  inoculations  were  made  on  the  yoimg  leaves  and  on  the  fruit.  From 
ascospores  on  leaves  Aderhold  obtained  about  thirty-three  per  cent  infec- 
tion and  from  conidia  about  twenty-three  per  cent.  From  conidia  on 
fruit  he  had  less  success;  only  about  eight  per  cent  of  the  inoculations  were 
successful.  According  to  Aderhold's  tables  conidia  taken  from  fruit  or 
from  artificial  cultures  were  less  successfully  used  than  those  taken  from 
scabby  leaves. 

The  method  of  infection  was  studied  also.  Aderhold  observed  that  the 
germ  tube  usually  enters  directly  over  the  jtmction  of  two  epidermal  cells 
and  often  where  several  meet,  in  a  comer  so  to  speak.  It  broadens  sUghtly 
at  the  point  of  entrance  and  bores  directly  through  the  cuticle.  It  was 
not  observed  to  enter  through  wounds.  Aderhold  observed  not  only  that 
the  germ  tube  can  bore  directly  through  the  cuticle,  but  also  that  the 
conidiophores  sometimes  bore  their  way  out  from  beneath  the  cuticle. 
In  other  cases  the  cuticle  may  be  ruptured  by  pressure  from  the  mycelial 
growth  beneath. 

Clinton  (igoi)  considered  outdoor  work  unreliable  because  of  the  abun- 
dant natural  infection.  Accordingly  he  used  one-year-old  or  two-years-old 
seedlings  planted  in  crocks  indoors  and  grown  at  a  temperature  higher 
than  that  outside.  These  seedlings  were  inoculated  and  kept  in  moist 
chambers.  Inoculations  made  in  this  way  were  not  very  successful. 
Branches  were  cut  off  and  artificially  inoculated  indoors.  The  leaves 
dropped  in  two  weeks  and  therefore  no  results  were  obtained  from  this 
method. 

The  writer's  inoculation  experiments  were  performed  mainly  during  the 
spring  of  1908.     For  most  of  this  work  ascospores  obtained  from  dead 

^1896)  Aderhold^  Rudolf .     Die  Pusicladien  unserer  obstbiume.     Landw.  jahrb.  25:893. 
(X90I)  '^  * 


Clinton,  G.  P.    Apple  scab.    Illinois  Agr.  £zp.  Su.    fiuL  67:120. 
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leaves  were  iised.  It  was  desired  to  determine  how  readily  ascospores  may 
cause  infection,  what  the  period  of  incubation  is,  and  how  infection  takes 
place. 

Leaves  containing  an  abtmdance  of  perithecia  were  chopped  fine  in 
water  and  this  decoction  was  applied  with  a  brush.  The  twigs  were  then 
inclosed  in  a  moist  chamber.  This  was  made  of  alarge  test  tube  or  a  lamp 
chimney,  having  all  openings  closed  with  cotton  and  some  moist  cotton 
left  inside. 

On  leaves  inoculated  on  May  16,  scab  first  appeared  on  May  24.  The 
same  leaves  had  been  examined  on  May  23,  when  no  infection  was  visible. 
It  is  evident  that  the  period  of  incubation  in  this  case  was  exactly  eight 
days.  By  May  28  these  leaves  showed  that  many  infections  had  taken 
place  on  each  leaf  (Plate  II,  Fig.  i),  while  only  a  few  spots  could  be  found 
on  any  uninoculated  leaf.  On  May  3 1  ninety-eight  distinct  infections  were 
counted  on  nine  leaves  that  had  been  artificially  inoculated,  while  only 
twenty-four  infections  could  be  found  on  twelve  leaves  from  a  branch  that 
represented  the  most  abundant  natural  infection  found.  There  is  no 
doubt,  therefore,  that  the  abundant  infection  was  the  result  of  inoculation. 
Further  inoculations  were  made  on  May  26.  By  Jtme  12  the  leaves  inocu- 
lated on  May  26  were  very  badly  infected.  They  had  been  examined  three 
days  previously  and  scab  was  not  visible;  its  appearance,  therefore,  was 
rather  sudden,  and  the  period  of  incubation  in  this  case  must  have  been 
about  fifteen  days  imless  for  some  reason  the  infection  did  not  take  place 
as  soon  as  the  inoculation  was  made. 

The  writer  would  not  like  to  infer,  without  further  data,  that  the  period 
of  incubation  increases  in  length  as  the  season  advances,  but  this  may  be 
possible.  As  the  leaves  become  older  and  the  cuticle  thicker,  a  longer 
time  may  be  required  for  the  fungus  to  work  its  way  out  through  the 
cuticle.  This,  however,  is  as  yet  only  a  suggestion.  In  each  of  the  above 
experiments  blossoms  or  young  fruits  were  also  inoculated,  but  they 
dropped  before  the  time  for  the  appearance  of  scab  had  arrived. 

Artificial  infection  with  conidia  was  also  attempted.  Both  leaves  and 
yotmg  fruit  were  inoculated  with  conidia  from  scabby  leaves  at  three 
different  dates  —  June  10,  Jime  12,  and  Jime  15.  The  results  were  not 
nearly  so  striking  as  in  the  earlier  experiments,  when  ascospores  were  used. 
A  somewhat  larger  number  of  leaf  infections  followed  than  on  the  uninocu- 
lated leaves,  but  not  enough  more  to  permit  safely  the  drawing  of  con- 
clusions.   Infection  of  fruit  was  not  successful  at  this  time. 

In  1910  Rhode  Island  Greening  and  Baldwin  apples  were  inoculated 
when  almost  full-grown.  Conidia  from  scabby  leaves  were  used  and  each 
apple  was  covered  with  moist  cotton  as  soon  as  inoculated.  Early  in 
September  a  large  proportion  of  the  inoculated  Rhode  Island  Greenings 
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showed  late  infection.  On  one  apple  nine  spots  were  counted,  several 
others  had  three  to  five  spots,  and  about  four  of  the  twelve  inoculated 
were  clean.  It  is  true  that  some  late  infection  had  occurred  on  uninocu- 
lated  fruit,  but  not  nearly  so  generally  as  on  the  inoculated  fruit.  On 
the  Baldwins  some  spots  appeared,  but  the  success  of  the  inoculations 
was  not  so  great  as  on  the  Rhode  Island  Greenings.  These  experiments 
were  duplicated  later  with  negative  results. 

Method  of  infection 

In  connection  with  the  writer's  infection  experiments  an  attempt  was 
made  to  determine  how  the  germ  tube  pierces  the  cuticle  of  the  host. 
Inoculated  leaves  were  gathered  at  various  dates.  Some  were  put  up  in 
fixer  and  embedded  in  paraflin.  Others  were  cooked  for  a  short  time  in 
caustic  potash,  after  which  the  epidermis 
could  be  peeled  off  and  mounted  on  a  slide. 
This  being  done,  it  was  easy  to  locate  some  of 
the  germinating  spores  and  to  trace  the  course 
of  their  germ  tubes  through  the  cuticle  and 
for  some  distance  between  the  cuticle  and 
the  epidermis.  In  Fig.  185  is  shown  a  camera 
lucida  drawing  of  an  early  stage  of  infection  ^^^  ^ss.^Ascospore  infeaion, 
by  an  ascospore.    In  general  it  seems  that       showing  the  germ  tube  from  an 

the    germ  tube    bores    directly    through    the        <^cospore  entering  between  the 
.  f  .  ,  ,  cuticle  and  the  epidermis. 

cuticle  and  continues  to  grow  between  the       Camera  lucida  drawing 
cuticle  and  the  epidermis.  . 

As  noted  above,  Aderhold  observed  a  slight  broadening  of  the  germ  tube 
at  the  point  of  entrance,  and  the  formation  of  appressoria.  This  did  not 
occur  in  any  of  the  ckses  observed  by  the  writer.  Fischer  (1909)  states 
that  the  fungus  cannot  enter  an  entirely  sotmd  fruit  without  a  break  in  the 
epidermis.  He  believes  that  changes  of  temperature,  by  expanding  or 
contracting  the  tissues  of  the  fruit,  may  separate  the  cuticle  from  the 
epidermis,  permitting  the  growth  of  the  fimgus  in  such  places.  The 
writer  cannot  see  that  there  is  much  ground  for  this  opinion.  It  seems 
that  a  germ  tube  from  a  spore  is  able  to  attack  a  perfectly  sound  fruit, 
although  one  cannot  be  sure  that  certain  injuries  which  are  not  detectable 
might  not  be  present. 

Aderhold  (1900)  records  experiments  which  lead  him  to  believe  that  in 
the  case  of  Venturia  pirina  the  pectic  compounds  between  the  cuticle 
and  the  epidermal  cells  exert  a  chemotropic  influence  on  the  germ  tube 
of  the  fungus  and  probably  also  supply  nourishment. 

(1900)  Aderhold.  Rudolf.     Die  Piisicladien  unserer  obstbAume.     Landw.  jahrb.  39: 563-565* 
(1909)  Piflcher,  P.    Uber  die  bekAmpfung  des  Pusicladiiun.    Zeitach.  pflanzenkr.  19: 432-434* 
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Titne  of  injection 

From  data  recorded  in  Table  2  it  seems  evident  that  the  first  appearance 
of  scab  on  leaves  in  1908  and  in  1910,  undoubtedly  due  to  ascospore  infec- 
tion as  will  be  shown  later,  was  directly  traceable  to  certain  rains  which 
furnished  conditions  for  infection;  and  that  the  dates  of  these  rains  are 
the  dates  of  infection,  thus  giving  approximately  the  period  of  incubation 
in  each  case. 

Artificial  inoculations  recorded  above  show  that  the  period  of  incubation 
may  vary  from  eight  to  fifteen  days.  In  the  table,  therefore,  all  rains  are 
recorded  which  occurred  within  these  time  limits  previous  to  the  date 
on  which  scab  appeared;  and  the  limits  are  further  broadened  so  as  to 
include  all  rains  occurring  five  to  eighteen  days  previous  to  the  appearance 
of  the  disease,  in  order  to  allow  for  any  possible  greater  variations  that 
may  have  occurred. 

TABLE  2.  Dates  and  Amount  of  Precipitation  Previous  to  the  First  Appearance 
OF  Scab  on  Leaves  Due  to  Ascospore  Infection,  Including  All  Cases  of  Rain- 
fall THAT  Could  Be  Responsible  for  Each  Infection.  The  Dates  on  which 
Infection  Probably  Occurjied  Are  Set  in  Black-face  Type 


1908  (first  appearance  on  May  22) 

19 10  (first  appearance  on  May  12) 

Date  of  rainfall 

Amount 
of  pre- 
cipitation 
(mches) 

Number 

of  days 

before 

infection 

appeared 

Date  of  rainfall 

Amount 
of  pre- 
cipitation 
(mches) 

Number 

of  days 

before 

infection 

appeared 

May  16 

.15 
.12 

.30 
.12 
.01 
.03 
.36 
•33 

.08 

6 

I 

9 
II 
12 
13 
H 
15 
16 

May  2  to  3 

May  I » . 

.75 
.25 

}       1.25 

9  to  10 

Mav  I  ^  .         

II 

May  14 

April  29 

April  26 

April  25 

April  24 

April  23 

i^ 

Mav  i^ 

16 

May  11 

17 

May  10 

18 

May  0 

19 

May  8 

Mav  7 

May  6 

In  1908  the  first  infection  appeared  on  May  22.  As  the  mature  asco- 
spores  were  found  on  May  4  it  is  safe  to  assume  that  some  infection  occurred 
during  the  rains  of  May  7,  May  8,  and  May  9,  since  these  furnished  the 
first  favorable  conditions  for  infection  after  the  spores  had  matured.  This 
gives  an  incubation  period  of  thirteen  to  fifteen  days.  Conditions  favor- 
able for  infection  also  prevailed  on  May  13  and  May  14,  in  which  case  the 
period  of  incubation  would  be  eight  to  nine  days;  this  period  corresponds 
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with  inoculation  experiments  made  early  in  the  season.  Since  the  spores 
were  mature  at  the  date  of  the  earlier  rains  (on  May  7  to  May  9),  there 
is  no  reason  to  believe  that  the  infection  did  not  occur  at  that  time.  Infec- 
tions that  appeared  later  probably  occurred  during  the  later  rains  (on 
May  13  and  May  14).  It  is  evident,  therefore,  that  the  infection  appearing 
on  May  22  occurred  during  one  of  the  two  rainy  periods  recorded  above, 
probably  the  earlier  period  (May  7  to  May  9). 

In  1910,  at  Sodus,  ascospoies  began  to  ripen  about  May  i.  On  April  29 
and  May  i  some  rain  fell;  on  May  2  and  May  3  the  precipitation  was  .75 
inch,  with  good  conditions  for  scab  infection.  The  infection  appeared  on 
the  leaves  on  May  12,  giving  a  possible  incubation  period  of  nine  to  thirteen 
days;  The  table  shows  that  there  were  weather  conditions  which  would 
permit  infection  earlier  than  this  date,  but  the  following  reasons  exist  for 
the  opinion  that  there  was  no  infection  prior  to  April  29  and  probably 
none  before  May  i :  first,  the  ascospores  were  just  beginning  to  ripen  on 
May  I ;  and,  second,  spray  applied  on  April  29  preserved  the  foliage  from 
infection. 

The  abundant  appearance  of  scab  from  secondary,  or  conidial,  infection 
is  shown  in  Table  3,  which  is  constructed  on  the  same  plan  as  is  Table  2 : 

TABLE  3.  Dates  and  Amount  of  Precipitation  Previous  to  Abundant  Appear- 
ance OF  Scab  on  Leaves  Due  to  Secondary  (Conidial)  Infection,  Including 
All  Cases  of  Rainfall  that  Could  Be  Responsible  for  Each  Infection 


1908  (abundant  appearance  at  Ithaca 
on  June  28) 


Date  of  rainfall 


Amount 
of  pre- 
cipitation 
(inches) 


Number 

of  days 

before 

infection 

appeared 


1 9 10  (abimdant  appearance  at  Sodus 
on  June  7) 


Date  of  rainfall 


Amount 
of  pre- 
cipitation 
(mches) 


Number 
of  days 
before 
infection 
appeared 


June  15 
June  14 
June  10 
June  9 
June  I 
May  31 
May  30 
May  29 


f. 

.01 

.13 
.01 

.41 
.16 

.05 


13 
14 

18 

19 
27 
28 
29 
30 


May  as 
May  34 
May  22 
May  20 
May  18 
May  10 
May  9 
May  8 


.54 

.15 
.19 
.11 
.08 

.08 


13 
14 
16 
18 
20 
28 
29 
30 


'Trace;  an  amount  less  than  .ox  inch,  too  small  to  be  measured. 


In  1908,  at  Ithaca,  abundant  secondary  infection  appeared  on  Jiine  28. 
In  this  case  there  is  little  doubt  that  the  infection  occurred  on  June  15, 
when  .46  inch  of  rain  fell.    This  gives  a  period  of  thirteen  days  for  incu- 
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bation.  It  is  certain  that  the  period  of  incubation  was  not  less  than  thir- 
teen days,  since,  excepting  a  trace  on  June  19,  no  more  rain  occurred  tintil 
June  23,  only  five  days  previous  to  the  appearance  of  lesions. 

In  19 10,  at  Sodus,  the  first  production  of  conidia  from  which  secondary 
infection  could  be  expected  appeared  on  May  12,  as  shown  in  Table  2. 
The  first  rainfall  after  this  time  occiured  on  May  18,  with  showers  in  the 
night  and  in  the  forenoon.  Since  these  rains,  however,  consisted  of 
intermittent  showers,  it  is  probable  that  the  foliage  did  not  remain  wet 
long  enough  at  one  time  to  permit  abundant  infection  to  occur.  It 
seems  much  more  probable  that  the  abimdant  appearance  of  scab  on 
June  7  was  the  result  of  infections  that  occurred  during  the  rain  of 
May  24  and  25,  when  conditions  were  much  more  favorable  for  ?uch  an 
infection.  In  the  latter  case  rain  began  to  fall  gently  and  steadily  at 
4  p.  m.  on  May  24,  with  heavy  rain  during  the  following  night,  fol- 
lowed by  a  cloudy  forenoon  on  May  25  with  drizzling,  or  misting,  showers, 
and  a  cloudy  afternoon.  Since  this  rain  ftimished  the  first  really  good 
infection  weather  after  the  conidia  appeared  —  May  12 — and  since 
abundant  infection  became  evident  on  Jime  7,  it  may  be  concluded  that 
the  incubation  period  in  this  case  was  of  thirteen  to  fourteen  days  duration. 

In  studying  these  tables,  it  must  be  borne  in  mind  that  the  amount  of 
precipitation  is  not  necessarily  the  important  factor  in  determining  whether 
or  not  a  certain  rain  permits  infection.  A  more  important  factor  is  the 
length  of  time  that  the  trees  remain  wet  so  as  to  allow  spore  germination 
(Plates  IX  and  X).  In  fact  it  is  theoretically  to  be  expected  that  a  heavy, 
beating  rain  would  be  less  favorable  to  infection  by  the  fimgus,  since  con- 
stant washing  would  have  a  tendency  either  to  keep  many  of  the  spores 
moving  from  place  to  place  —  not  allowing  sufficient  time  in  any  one 
position  for  them  to  become  established  in  the  tissues  of  the  host  —  or  to 
wash  many  of  them  to  the  ground.  The  ideal  condition  for  infection  is  a 
gentle,  continued  rain  followed  by  cloudy,  calm  weather  and  a  saturated 
atmosphere,  in  which  case  the  spores  are  kept  wet  for  a  long  time  while  in 
one  position. 

Ascospores  have  been  observed  to  germinate  within  a  period  of  four 
hours,  but  it  is  probable  that  in  order  to  produce  abundant  infection  the 
trees  must  be  kept  wet  for  eight  or  ten  hours  or  even  longer.  Any  con- 
dition tending  to  favor  the  retention  of  moisture  after  rain  has  ceased 
tends  to  favor  infection  by  the  fimgus.  Several  factors  may  be  men- 
tioned in  this  coimection:  dense  foliage  prevents  prompt  drying-out  of  the 
trees  after  rain  has  ceased;  good  air  drainage  favors  rapid  drying  of  trees, 
for  which  reason  orchards  located  on  hilltops  are,  in  general,  less  likely  to 
be  seriously  attacked  by  scab  than  are  those  in  sheltered  locations  where 
there  is  poor  drctdation  of  air;  diowers  occurring  dtuing  the  day,  followed 
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by  winds  or  other  drying  conditions,  are  not  likely  to  permit  infection; 
showers  occurring  in  the  evening,  followed  by  a  calm  night  with  a  humid 
atmosphere,  are  likely  to  allow  abimdant  infection.  Conditions  were 
favorable  for  infection  on  each  of  the  dates  mentioned  above. 

In  Table  4  is  shown  the  relation  of  the  development  of  fruit  buds  and 
the  maturity  of  ascospores  to  early  scab  infection.  The  data  on  infection 
are  the  same  as  those  recorded  in  Table  2. 


TABLE  4.  Correlation  of  the  First  Appearance  of  Scab  Due  to  Primary 
Infection  and  the  Date  on  which  this  Infection  Probably  Occurred,  with 
THE  Development  of  Ascospores  and  of  Fruit  Buds 


Year 

Date 

of  first 

appearance 

of  scab 

Condition 
of  buds 
at  date 
of  first 

appearance 
of  scab 

Probable 
date  of 
infection, 
as  shown 
in  Table  2 

Condition 
of  buds  at 

probable 
date  of 

infection 

Date  when 

mature 

ascospores 

were  first 

found 

1908 
1910 

May  22 

May  12 

Petals  falling 

Mostly    in 
bloom 

May  7  to  9 . . . 
May  2  to  3 . . . 

Almost    open- 
ing 
Ready  to  open 

May  4 
May  I 

From  Table  4  it  appears  that  in  1908  the  first  infection  on  leaves  and 
pedicels  of  crab-apple  appeared  as  the  petals  were  falling,  on  May  22. 
As  is  shown  in  Table  2  the  period  of  incubation  was  evidently  thirteen 
to  fifteen  days,  making  the  dates  of  infection  May  7,  May  8,  and 
May  9.  This  was  several  days  before  the  blossoms  opened.  Ascospores 
were  found  to  be  mature  on  May  4,  which  would  provide  the  necessary 
source  of  infection  at  the  time  when  the  rains  referred  to  in  Table  2  (on 
May  7  and  May  9)  occiured. 

In  19 10,  on  apple  leaves  at  Sodus,  it  is  evident  that  the  early  infection 
occurred  just  as  the  blossoms  were  ready  to  open  (Plate  XI),  that  is,  on 
May  2  to  May  3.  In  this  case  mature  ascospores  were  first  found  on 
May  I. 

From  the  above  data  it  appears  that  the  leaves  and  buds  of  the  apple 
are  susceptible  to  infection  as  soon  as  they  are  exposed,  but  that  infection 
does  not  occur  until  the  ascospores  have  matured  or  imtil  the  first  appear- 
ance of  weather  conditions  favorable  for  infection  following  the  maturity 
of  ascospores.  According  to  observations  during  the  past  three  years,  the 
spores  do  not  reach  maturity  until  the  blossoms  are  either  opening  or  just 
ready  to  open.  It  seems,  therefore,  that  there  is  little  danger  of  abundant 
infection  earlier  than  about  the  time  when  the  blossom  buds  show  pink. 
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Place  of  primary  infection 

The  reason  for  blossom-bud  leaves'  becoming  scabby  earlier  than  others 
is  another  point  relating  to  this  early  infection  that  is  worthy  of  considera- 
tion. Many  investigators  have  noticed  that  the  leaves  of  blossom  buds 
become  scabbed  earlier,  and  are  often  found  to  be  infected  worse,  than 
those  from  leaf  buds;  others,  who  have  not  noticed  this,  have  noted  that 
flower-bud  leaves  are  more  easily  burned  by  a  spray  mixture.  This 
greater  susceptibility  to  injury  in  many  cases  is  the  result  of  previous 
scab  infection.  These  leaves  are  the  first  to  open  in  spring;  they  are 
exposed  to  the  earliest  infection,  while  those  from  the  leaf  buds  do  not 
appear  until  later  (ten  days)  and  thus  escape  it.  The  leaves  from  fruit 
buds  are  exposed  to  both  ascospore  and  secondary  conidial  infection, 
while  those  from  leaf  buds  are,  for  the  most  part,  subject  only  to  the 
secondary  attack. 

In  Table  5  is  shown  the  same  relation  of  the  development  of  fruit  buds 
and  conidia  to  the  secondary,  or  conidial,  infection  as  appears  in  Table  4 
to  the  primary,  or  ascospore,  infection: 

TABLE  5.  Correlation  of  the  First  Abundant  Appearance  of  Scab  Due  to 
Secondary  (Conidial)  Infection  and  the  Date  on  which  this  Infection 
Probably  Occurred,  with  the  Development  of  the  First  Crop  op  Conidla 
AND  of  Fruit  Buds 


Year 

Date  when 
secondary 
infection 

first 

appeared 

abundantly 

Condition 
of  buds 

at  date  of 
appearance 
of  secondary 

infection 

Probable 

date  of 

infection, 

as  shown  in 

Table  3 

Condition 
of  buds  at 
probable 
date  of 
infection 

Date  when 

conidia  from 

primary 

infection 

(source  of 

secondary 

infection) 

appeared,  as 

snown  in 

Table  2 

1908 
1910 

June  28 

June    7 

Apples  f  to  I 
inch    in    di- 
ameter 

Apples  i  inch 
in  diameter 

June  15 

May  24  to  25 

Apples  about  i 
inch    in    di- 
ameter 

Petals  falling 

May  32 
May  12 

As  intimated  above,  the  ascospore  infection  is  often  not  severe  in  itself. 
It  is  the  original  source,  however,  of  this  conidia  infection,  which  is  often 
much  more  abundant  and  which  usually  causes  most  of  the  scabby  fruit 
as  well  as  the  most  abundant  leaf  infection. 

In  Table  5  it  appears  that  abimdant  leaf  infection  at  Ithaca  in  1908 
appeared  on  June  28,  when  the  young  apples  were  about  three  fourths  inch 
in  diameter.    In  Table  3  it  is  shown  that  the  infection  probably  occurred 
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an  June  1 5 ,  thirteen  dajrs  previous.  On  June  1 5  the  young  fruit  was  about 
one  half  inch  in  diameter.  In  1910,  at  Sodus,  secondary  infection  appeared 
on  June  7,  when  the  apples  were  about  one  half  inch  in  diameter.  In 
Table  3  it  is  shown  that  the  infection  in  this  case  probably  occurred  on 
May  24  to  25,  thirteen  to  fourteen  days  previous  to  the  date  of  its  appear- 
ance. At  this  time  the  trees  were  in  full  bloom  and  some  blossoms  were 
falling. 

The  writer  has  no  satisfactory  explanation  to  offer  as  to  why  the  abun- 
dant secondary  infection  did  not  appear  earlier  in  1908,  since  the  first  crop 
of  conidia,  as  shown  in  Table  2,  was  produced  as  early  as  May  22  *  while  the 
infection  did  not  take  place  abundantly  until  Jtme  15.  Weather  condi- 
tions apparently  favorable  for  infection  occurred  at  intervals  between  May 
26  and  31.  It  is  probable,  then,  that  some  infection  did  occur  at  this 
time,  but  it  is  apparent  that  the  abundant  infection  constituted  the  third 
generation  of  the  season.  In  1910,  as  shown  in  Table  3,  this  abundant 
infection  occurred  much  earlier,  evidently  during  the  first  continuously 
rainy  period  following  the  appearance  of  the  first  crop  of  conidia.  In 
this  case,  then,  the  infection  unquestionably  represented  the  second 
generation  of  the  season. 

Another  method  of  determining  the  date  of  infection  and  the  period  of 
incubation  was  attempted  to  a  limited  extent  during  the  spring  of  1908. 
On  May  16  certain  branches  were  inclosed  tightly  in  paper  sacks.  The 
sacks  were  removed  on  May  26  and  the  leaves  were  found  to  be  as  badly 
scabbed  as  uncovered  leaves,  showing  that  this  infection,  which  had 
already  been  visible  about  two  days,  had  taken  place  previous  to  May  16, 
thus  making  the  period  of  incubation  more  than  eight  da5rs.  Some  of  the 
sacks  were  not  removed  until  later,  and  these  prevented  abundant  second- 
ary infection  which  appeared  on  the  unbagged  branches  about  June  28. 

Clinton  (1901)  observed  in  1898  that  scab  first  appeared  about  May  2, 
at  which  time  the  oldest  leaves  had  not  reached  full  size.  In  1899  the 
disease  appeared  first  on  May  5,  a  few  days  later  than  in  the  previous 
year.  Clinton  notes  that  the  later  leaves  were  the  most  infected  in  the 
latter  year,  while  the  earlier  ones  from  flower  buds  were  the  most  infected 
in  1898.  The  Venturia  stage  was  later  in  developing  in  1899.  Clinton 
gives  no  data  in  either  case.  In  1900  scab  was  first  found  on  May  1 1  and 
did  not  make  a  general  appearance  until  the  latter  p3(ft  of  the  month. 
Clinton  observed  further  that  in  1898  scab  appeared  more  abtmdantly  on 
the  under  surface  of  the  leaf  because  this  surface  is  ^posed  earlier  than 
the  upper  surface.  In  1899,  when  the  infection  occurred  later,  tile  leaves 
were  mostly  affected  on  the  upper  side. 

*  Conidia  were  present  m  toon  a«  infection  appeared. 

(1901)  Clinton.  G.  P.    Apple  tcab.    Illinois  Agr.  Exp.  Sta.    BuL  67:xx4. 
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As  an  explanation  of  the  more  abtindant  infection  of  leaves  from  flower 
buds  in  1898,  Clinton  suggests  that  infection  is  carried  by  insects  and  also 
that  these  leaves  are  probably  the  most  affected  because  they  are  the  first 
exposed.  The  same  phenom«ion  was  observed  by  the  writer  in  1909  and 
1910.  It  was  especially  marked  in  1910.  The  writer  believes  that  the 
latter  explanation  is  the  more  probable  one.  It  is  evident  that  this  infec- 
tion has  occurred  in  some  cases  before  the  blossoms  opened,  as  shown  in 
Table  4,  and  therefore  before  insects  are  likely  to  visit  the  blossoms  in  very 
great  numbers.  While  it  is  not  to  be  doubted  that  insects  may  carry 
spores,  the  writer  is  of  the  opinion  that  scab  infection  results  oftener  from 
wind-blown  or  rain-washed  spores. 

The  development  of  the  two  forms  of  this  ftmgus  as  outlined  by  Clinton 
(1901)  agrees  in  general  with  the  writer's  observations  as  recorded  in  the 
text.    The  following  paragraphs  are  quoted  from  Clinton's  bulletin: 

May.  Scab  first  appears  on  young  apple  leaves  and  fruit  and  during  this  month 
and  Tune  obtains  its  greatest  foothold. 

July  to  September.  The  warm,  generally  dry,  weather  is  not  very  favorable  for 
spreading  the  disease  to  the  leaves,  and  fruit  usually  suffers  but  little  from  further 
infection. 

September  and  October.  Scab  appears  to  develop  somewhat  more  abundantly 
especially  on  the  lower  surfaces  of  the  leaves,  but  not  necessarily. in  vigorous  iruiting 
condition. 

October  and  later.  On  the  fallen  dead  leaves  there  are  signs  of  the  formatiai  of  the 
perithecia  of  the  Venturia  stage. 

October  to  April.    Perithecia  slowly  develop  as  weather  conditions  prove  favorable. 

April  and  May.    Perithecia  with  mature  ascospores  are  now  found. 

June.    Venturia  stage  disappears. 

Late  infection  and  scab  development  in  storage 

While  the  cycle  indicated  above  may  be  regarded  as  the  usual  one,  iv  is 
to  be  noted  that  seasonal  variations  markedly  influence  the  development 
of  the  disease.  In  the  case  of  abimdant  fall  rains  accompanied  by  fog» 
or  the  occurrence  of  excessive  dew,  a  late  infection  of  scab  appears.  The 
disease  may  not  appear  on  infected  fruit  tmtil  the  fruit  is  stored.  This 
phenomenon  has  been  called  to  the  writer's  attention  recently  by  several 
investigators  and  growers.  It  is  not  new,  however,  for  Goethe  (1889) 
noted  that  scab  developed  in  certain  cases  and  new  infections  occurred 
after  the  fruit  had  been  stored. 

Brooks  (ipo8)  reports  a  case  of  late  infection  on  Mcintosh  apples.  The 
fruit  when  picked  was  apparently  free  from  scab.  Two  weeks  later  the 
apples  from  an  imsprayed  tree  were  found  to  be  very  scabby.  Brooks 
states  further  that  during  the  winter  of  1 907-1 908  much  trouble  was 
experienced  in  the  Boston  cold-storage  plants  and  inany  commission  men 
lost  heavily  because  of  scab.    He  considers  it  imlikdy  that  the  disease 


(1889)     Goethe,  R.    Zur  bek&mpfnng  des  apfelrostes.     Gartenflora  38  :  241. 

(1901)     Clinton.  G.  F.     Apple  scab.     lUinoig  Agr.   Exp.  Sta.     Bui.  67:121. 

(1908)     Brooks.  Charles.     Notes  on  apple  diseases.     New  Hampshire  Agr.  Bxp.  Sta.    Rept.  t^-ao  :  372. 
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spread  through  the  storage  plant,  and  thinks  it  resulted  either  from  minute 
colonies  that  were  not  noticeable  at  picking  time  or  from  spores  lodged  on 
the  apples.* 

The  writer  was  informed  by  B.  J.  Case,  of  Sodus,  New  York,  of  a  similar 
occurrence  on  Rhode  Island  Greenings.  Mr.  Case  stated  that  a  succession 
of  very  heavy  dews  occurred  shortly  before  harvest  time  and  that  this 
doubtless  furnished  conditions  for  the  infection.  It  is  probable  that  heavy 
dews  or  very  gentle  rains  would  be  more  effective  in  inducing  late  fruit 
infection  than  would  washing  rains,  which  would  tend  to  keep  the  spores 
in  motion  over  the  smooth  surface  of  the  apple.  At  the  time  of  the  early 
infection  the  surface  of  the  young  fruit  is  suflSdently  rough  and  hairy  to 
furnish  lodging-places  for  the  spores. 

Such  weather  conditions,  with  some  very  gentle  rains,  occurred  during 
the  fall  of  1 9 10  and  considerable  late  infection  was  noted  in  some  cases. 
This  had  appeared  to  a  somewhat  limited  extent  on  the  Rhode  Island 
Greenings  in  the  writer's  experimental  plats  at  Sodus  which  had  not 
received  the  late  application  of  spray.  The  percentage  of  scab  on  these 
plats  was  17,  as  compared  with  12  per  cent  on  plats  similarly  treated  but 
receiving  a  later  application  of  a  fungicide.  The  inoculation  experiments 
reported  earUer  in  this  bulletin  also  indicated  the  possibility  of  this  late 
infection  and  the  time  when  it  may  occur. 

Morse  (19 10)  reports  a  very  serious  occurrence  of  late  infection  in 
Maine.  During  the  winter  of  1 907-1 908  himdreds  of  barrels  of  Maine 
apples,  which  were  free  from  scab  when  placed  in  storage,  were  later  found 
to  be  thoroughly  covered  with  small  black  specks.  Morse  states  that  the 
entire  growing  and  harvesting  season  was  very  wet  and  that  the  vegetative 
development  of  the  fimgus  continued  up  to  harvest  time.  Then  the  moist 
apples,  covered  with  spores,  were  placed  in  rather  warm  cellars,  resulting 
in  the  infection  of  the  fruit  and  the  formation  of  small  scab  spots  on  the 
apples  in  storage. 

Morse  and  Lewis  (191 1)  note  an  instance  which  would  seem  to  indicate 
that  scab  infection  has  actually  occurred  in  storage.  It  was  fotmd  that 
apples  lying  adjacent  to  those  that  were  scabby  when  placed  in  storage 
became  infected.  Morse  notes  also  that  Professor  F.  C.  Sears,  of  the 
Massachusetts  Agricultural  College,  has  informed  him  that  the  develop- 
ment of  scab  on  stored  apples  is  not  imcommon  in  Nova  Scotia. 

McAlpine  (1904)  reports  late  scab  infection  in  Australian  orchards. 
The  disease  is  said  to  have  appeared  in  December  and  January  on  apples 

♦  Brooks  ^vcs  no  evidence  that  infection  may  not  have  taken  place  before  the  apples  were  gathered. 
That  the  fruit  may  have  been  gathered  during  the  period  of  incubation  is  perhaps  in  most  cases  the  explana- 
tion, rather  than  that  infection  occurs  after  harvesting. 

(1904)     McAlpine.  D.     Black  spot  of  the  apple.     Victoria  A^.  Dept.     Bui.  17  : 6- 

(1910)  Morse.  W.  T.     Notes  on  plant  diseases  in  1908.     Maine  Agr.  Exp.  Sta.     Bui.  164  : 4. 

(191 1)  Morse,  W.  J.,  and  Lewis,  C.  E.  Maine  apple  diseases.  Mame  Agr.  Exp.  Sta.  BuL  185  :  3Sa~ 
355.  390. 
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that  had  previously  been  fsMy  dean.    This  occurrence  McAl^nne  attrib- 
utes to  unusually  wet  weather. 

Haw  the  fungus  passes  the  winter 

Several  possibilities  have  been  suggested  in  answer  to  this  question. 
One  suggestion  is  that  conidia  which  may  lodge  on  the  twigs  or  about  the 
bud  scales  are  able  to  retain  their  vitality  and  to  germinate  when  favorable 
conditions  arise  in  spring.  Another  suggestion  is  that  the  stroma  of  the 
fungus  on  twigs,  or  even  on  decayed  leaves  or  fruit,  may  withstand 
the  winter  and  produce  in  spring  a  new  crop  of  conidia  to  start  the 
infection. 

Vitality  of  canidiQ, — ^Adeiiiold  (1896)  reports  that,  although  the  conidia 
of  Ventufia  imBqualis  germinate  very  readily  and  quickly,  they  soon  lose 
their  power  of  germination.  Spores  kept  for  eight  weeks  between  glazed 
paper  would  not  grow  on  gelatin.  On  the  other  hand,  Aderhold  notes 
that  certain  hyphal  threads  from  cultures  that  had  apparently  been  dor- 
mant for  three  months  could  awaken  to  renewed  life  when  placed  under 
favorable  conditions.  Further,  he  adds  that  it  is  not  unusual  to  find  the 
old  hyphal  cells  rounded  off,  and  these  in  suitable  media  produce  mycehum 
by  means  of  hyphal  threads.  Aerial  threads  may  also  be  used  in  pro- 
ducing new  cultures,  and  in  the  same  way  bits  of  stroma  from  old  spots 
are  agents  of  reproduction. 

Ewert  (1910)  conducted  experiments  in  order  to  determine  the  ability 
of  conidia  of  various  fungi  to  withstand  low  temperatures.  Among  these, 
conidia  from  the  pear-scab  and  the  apple-scab  fungus,  taken  from  diseased 
leaves  and  fruits,  were  tested.  They  were  subjected  to  three  periods  of 
freezing,  each  of  six  hours  duration  at  a  temperature  of  16^  to  5^  C.  The 
freezing  did  not  at  all  reduce  the  viability  of  the  conidia  of  Venturia 
pirina,  while  only  an  occasional  spore  of  V,  incBquaUs  germinated  after  the 
second  freezing.  It  would  seem  from  these  experiments  that  the  conidia 
of  V.  intBqualis  would  probably  be  unable  to  survive  the  winter  frost. 

Hibernation  of  conidia, —  McAlpine  (1902)  thought  that  the  only  source 
of  infection  worth  taking  into  account,  so  far  as  Victoria  (Australia)  is 
concerned,  is  from  the  spores  produced  on  the  leaves  or  the  fruit  in  one 
season,  which  may  become  entangled  in  the  hairs  or  scales  of  the  buds  and 
may  germinate  when  favorable  conditions  occur  in  the  following  spring. 
At  that  time  McAlpine  had  not  found  in  Australia  any  trace  of  the 
perithecial  stage  of  the  fungus.  It  is  hot  probable  that  he  would  adhere 
to  this  view  at  present. 

f  1896)     AderhoM.  Rudolf.     Die  Pusicladien  unwrer  obstbAume.    Londw.  jahrb.  as  :  893. 

(1902)  McAlpine.  D.  The  fungus  causing  black  spot  of  the  apple  and  pear.  Victoria  Agr.  Dept. 
Joum.  I  :  707. 

(19 10)  fiwert.  Dr.  Die  fiberwinterunff  von  somnierkonidien  pathogener  aaoomsrcetea  und  die  wider* 
ftandrfihigkrit  derselben  gegen  kAlte.    Zeittch.  pflanzenkr.  ao|:  X38~i39< 
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Lawrence  (1904)  reports  having  found  the  scab  fungus  on  the  apexes  of 
a  number  of  fruiting  spiu^  of  both  Baldwin  and  Rhode  Island  Greening 
trees.  These  spurs  were  noted  in  the  following  spring  and  a  fungus  was 
found  which  produced  spores  much  like  the  conidia  of  Venturia.  Lawrence 
remarks:  **  If  these  were  summer  spores  of  the  scab  fungus  they  are  pro- 
duced in  such  small  numbers,  and  mature  at  such  a  time,  that  they  will  be 
killed  by  the  sprajdng  recommended  below." 

Lawrence  believes  that  he  fotmd  conidiophores  in  spring  on  old,  dead 
leaves.  Those  kept  in  moist  chamber  in  a  decoction  of  dead  leaves  for 
twenty  days  produced  conidia  on  the  new  growth  identical  with  those  pro- 
duced on  small  stalks  from  germinating  winter  spores.  Lawrence  thinks 
there  is  little  question  but  that  these  are  true  forms  of  the  scab  fungus. 
In  examining  many  thousands  of  infected  leaves  in  New  York  State,  the 
writer  has  never  been  able  to  observe  conidia  produced  on  old,  dead  leaves 
in  spring. 

Persistence  of  stroma  on  twigs, — ^Apple  scab  has  been  observed  by 
Stewart  and  Blodgett  (1899)  to  occur  on  the  twigs  of  Lady  apples,  which 
they  report  as  being  a  variety  very  susceptible  to  this  form  of  attack. 
Clinton  (1901)  notes  having  found  scab  on  twigs  but  once,  on  a  crab- 
apple  tree.  He  regards  the  ascospores  as  the  chief  means  of  carrying 
the  ftmgus  over  winter.  He  has  since,  however,  reported  to  Professor 
H.  H.  Whetzd  by  letter  that  he  has  observed  lesions  frequently  on  twigs 
of  Fall  Pippin  and  certain  other  varieties  of  apples.  Nevertheless  he  does 
not  state  that  the  ftmgus  ever  winters  on  the  twigs. 

According  to  Voges  (1907  and  1910)  it  would  seem  that  in  some  sections 
of  Germany  apple  scab  may  grow  abundantly  on  twigs;  while  in  other 
sections  it  is  at  least  very  rare,  since  Aderhold,  who  has  without  doubt 
investigated  the  disease  more  carefully  and  thoroughly  than  has  any  other 
person,  failed  to  find  it  on  the  twigs.  Its  occurrence  must  certainly  have 
been  very  rare  in  the  region  where  Aderhold  conducted  his  investigations. 
However,  Voges,  as  cited  above,  states  that  in  his  locality  (in  Hildesheim) 
scab  was  as  common  on  apple  twigs  as  on  pear  twigs.  He  names  several 
varieties  that  have  been  badly  affected  in  his  garden,  among  which  Ribston 
is  mentioned. 

The  stroma  of  the  scab  spot  on  the  twig,  according  to  Voges,  remains 
more  or  less  dormant  during  the  winter  and  produces  a  crop  of  conidia  in 
spring.  A  section  through  such  a  spot,  bearing  conidia  as  found  in  March, 
is  shown. 

(1899)  Stewart,  P.  C,  and  Blodgett,  P.  H.  A  fruit-diiease  tnrvey  of  the  Hudson  valley  in  1899.  New 
York  (Geneva)  Agr.  Exp.  Su.     Bui.  167  :  283. 

(1901)     Clinton,  G.  P.     Apple  scab.     Illinois  Agr.  Exp.  SU.     Bui.  67  :  118. 

(1904)  Lawrence,  W.  H.  The  apple  scab  in  western  Washington.  Washington  Agr.  Exp.  Sta. 
BuJL  64  :  1-34. 

(1907)     Voges,  Ernst.     Ueber  die  schorfkrankhett  der  obstbAume.      Deut.  landw.  presse  34  :  276-277. 

(19x0)    Voges.  Ernst.     Die  bek&mpfung  des  Pusicladium.    2^t8ch.  pflansenkr.  ao  :  385-393* 
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Salmon  (1908)  also  reports  finding  scab  on  the  yoimg  wood  and  shows 
photographs  of  infested  twigs.  In  regard  to  the  appearance  of  scab  on 
young  wood  this  author  states:  "According  to  the  variety  of  apple 
attacked,  its  appearance  varies  considerably;  in  some  cases  e.  g.  on 
Coxe*s  Orange  Pippin  the  diseased  wood  becomes  somewhat  swollen  and 
prominently  blistered.  In  other  cases  e.  g.  on  Wellington  the  blistered 
appearance  is  less  prominent,  and  the  shoot  is  not  swollen.  In  still  other 
cases  the  scab  produces  isolated  characteristic  markings  which  give  the 
wood  a  pocked  appearance.  Severely  attacked  young  shoots  may,  as  in 
the  case  of  those  of  Lord  Stxffield,  be  blistered  almost  continuously  over 
the  surface,  and  the  bark  will  then  subsequently  peal  off  in  flakes." 
Salmon  considers  Coxe's  Orange  Pippin  a  susceptible  variety. 

The  same  author  (1909)  notes  that  twig  infection  was  found  to  occur 
only  on  the  following  six  varieties:  Golden  Noble,  Ecklinville,  Coxe's 
Orange  Pippin,  Blenheim  O.'iange,  Warner's  King,  and  Peasgoods  Nonesuch. 
It  was  very  severe  on  Coxe's  Orange  Pippin  and  on  Ecklinville. 

Eriksson  (191 1)  mentions  having  frequently  observed  the  fungus  on 
twigs  of  the  current  year's  growth  but  not  on  older  ones. 

Considering  all  the  evidence,  the  writer  is  convinced  that  the  ascigerous 
stage  is  the  principal  agent  involved  in  carrying  the  fungus  over  winter. 
It  has  been  shown  that  twig  infection  is  not  of  very  common  occurrence 
and  that  the  conidia  cannot  withstand  winter  temperatures.  Further- 
more, evidence  that  the  ascospores  are  the  chief  source  of  primary  spring 
infection  is  furnished  by  the  fact,  noted  more  in  detail  in  another  part  of 
the  btdletin,  that  orchards  the  leaves  of  which  have  been  plowed  under  or 
burned  early  in  spring  or  late  in  fall  are  less  seriously  affected  than  are 
orchards  in  which  the  leaves  are  left  exposed. 

Formation  of  appressoria, —  There  might  remain  the  possibility  of  infec- 
tion resulting  from  the  germination  of  appressoria  produced  by  the 
myceliimi,  as  described  by  Aderhold  and  already  referred  to.  Since 
Aderhold  describes  these  enlargements  as  becoming  more  or  less  brown  in 
color,  it  may  be  possible  that  they  are  able  to  function  as  resting  spores. 

Summary 

The  observations  on  scab  infection  given  aboye  lead  in  general  to  certain 
conclusions  with  reference  to  the  time  and  source  of  infection  under  con- 
ditions existing  in  New  York  State: 

I.  The  early  infection  is  chiefly,  if  not  entirely,  from  ascospores,  and  it 
may  appear  during  the  first  period  of  weather  favorable  to  infection 

(1908)  Salmon.  E.  S.    Apple  scab  or  black  spot.     London  Bd.  Agr.    Journ.  15  :  182-195. 

(1909)  Salmon.  E.  S.  Black  spot  or  apple  scab.  Southeastern  Agr.  Col.  (Wye,  Kent).  Jotmu 
18  :  267-370. 

(191X)  Eriksson.  J.  Die  rote  farbe  dcr  fruchtschale  und  die  schorfkrankheit  der  obstsorten.  Zeitich. 
pflanxenkr.  ai  :  Z39~i3i* 
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occurring  after  the  ascospores  have  matured.  Usually  this  does  not  take 
place  until  blossoming  time  or  immediately  before.  There  seems  to  be 
little  danger  that  infection  will  occur  much  earlier;  this  is  probably  not 
because  the  leaves  and  buds  are  not  earlier  susceptible  to  scab,  but  rather 
because  the  ascospores  have  not  matured  in  sufficient  quantities  to  cause 
general  infection. 

2.  The  period  of  incubation  may  vary  from  eight  to  fifteen  day^;  so 
that  after  this  length  of  time  has  elapsed  subsequent  to  the  date  of  the 
earliest  ascospore  infection  a  crop  of  conidia  is  produced,  from  which  a 
second,  and  usually  more  abundant,  infection  may  appear  eight  to  fifteen 
days  following  the  first  period  of  weather  favorable  to  infection  that  occurs 
after  the  above  crop  of  spores  has  ripened.  This  generation  may  in  turn 
produce  another,  and  so  on  throughout  the  season.  However,  the  various 
infections  do  not  always  occur  only  in  successive  jtunps  at  intervals  of 
eight  to  fifteen  da)rs,  as  the  above  discussion  might  lead  one  to  believe. 
The  crop  of  ascospores  are  not  all  matiu^ed  and  do  not  all  discharge  at 
one  time.  They  b^in  to  ripen  at  about  the  time  indicated  above  and 
furnish  a  constant  source  of  infection  for  a  month  or  more.  Thus  the 
individual  infections  belonging  to  the  first  generation  may  be  started 
at  several  different  dates  and  consequently  produce  their  first  crops  of 
conidia  at  different  dates.  It  is  possible  also  that  individual  infections 
occurring  at  the  same  time  do  not  all  have  the  same  period  of  incubation. 
Thus  there  may  be  a  more  or  less  constant  appearance  of  scab,  with  the 
more  pronounced  jumps  at  intervals  as  indicated  above.  In  fact  this  is 
what  usually  occurs. 

3.  The  earliest  infections  usually  occur  on  the  lower  side  of  the  leaves. 
This  is  due  to  the  fact  that  the  lower  side  is  more  exposed  at  that  time, 
while  the  leaves  are  imfolding.  The  later  infections  occur  more  abtm- 
dantly  on  the  upper  surfaces,  which  by  that  time  have  assumed  a  more 
exposed  position. 

VARIETAL  susceptibility 

Perhaps  the  best  method  of  obtaining  data  as  to  varietal  susceptibility 
in  case  of  this  disease  is  to  summarize  the  results  that  have  been  obtained 
and  the  observations  that  have  been  made  by  various  investigators  for 
years  past.  In  reviewing  this  work  it  becomes  evident  that  too  much 
stress  should  not  be  laid  on  a  single  set  of  observations.  It  is  found  that 
certain  varieties  may  be  resistant  in  one  year  and  susceptible  in  another 
year  tmder  conditions  which  for  average  varieties  are  as  favorable  to  the 
disease  in  the  one  case  as  in  the  other.  The  experiments  reported  by  Ader- 
hold  emphasize  this  point.  The  writer,  on  comparing  his  own  results 
with  those  previously  reported  by  others,  finds  the  above  statement  to 
hold  good. 
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Baldwin,  for  example,  is  usually  listed  among  resistant  varieties;  yet 
on  the  check  trees  in  the  writer's  experiments  during  19 10  Baldwin  trees 
jdelded  ninety-eight  per  cent  of  scabby  fruit,  much  of  which  was  badly 
infected.  In  1909,  which  was  not  an  epidemic  year,  the  Baldwins  were 
as  badly  diseased  as  were  the  Rhode  Island  Greenings.  The  Ben  Davis, 
which  is  usually  reported  as  resistant,  was  as  b^dly  scabbed  dtxring  both 
seasons  as  was  the  average  variety. 

It  may  be  possible  that  the  reputation  of  these  varieties  is  due  partly 
to  their  color.  The  scab  is  not  so  conspicuous  on  the  dark-colored  fruit 
as  on  that  of  the  light-colored  varieties.  Many  growers  who  had  very 
scabby  Baldwins  in  the  season  of  1910  considered  them  dean,  while  Rhode 
Island  Greenings,  which  were  really  less  diseased,  were  considered  a 
scabby  lot.  However,  as  previously  stated,  it  is  possible  that  Baldwin 
and  Ben  Davis  may  be  more  or  less  resistant  in  some  seasons,  since  it 
has  been  proved  that  such  variations  do  occur. 

There  seems  to  be  no  satisfactory  explanation  for  such  variations, 
although  several  suggestions  may  be  offered.  They,  may  be  due  to  a 
relation  of  the  weather  conditions  or  of  the  time  when  weather  favorable 
to  infection  occurs,  to  certain  stages  in  the  development  of  the  fniit  and 
the  leaves  of  certain  varieties.  For  example,  a  Baldwin  may  be  just  at 
its  most  susceptible  stage  at  the  time  when  weather  favorable  to  infec- 
tion occurs  in  this  season,  and  in  the  next  season  may  have  passed  this 
stage;  while  a  Rhode  Island  Greening  may  so  develop  with  respect  to 
the  weather  as  to  give  the  opposite  results  each  year.  Therefore  the  Bald- 
win would  be  susceptible  in  one  year  in  a  certain  locality,  and  the  Rhode 
Island  Greening  in  the  next  year.  In  some  varieties  the  susceptible 
period  may  be  reached  sooner  or  may  last  longer  than  in  other  varieties; 
this  explanation,  however,  is  as  yet  only  theoretical. 

Another  plausible  explanation  is  suggested  by  a  few  statements  made 
by  Bailey  (1892),  from  whom  the  following  is  quoted: 

One  other  important  consideration  must  not  be  overlooked  here,  and  that  is  the  fact 
that  enemies  often  progress  or  develop  as  rapidly  as  do  the  host  plants.  I  imagine  that 
by  the  time  we  are  able  to  breed  scab-proof  varieties  —  from  the  present  standpoint  — 
our  scab-fungus  will  have  developed  a  capability  to  attack  more  uncongenial  hosts. 
This  is  the  common  history  of  injurious  insects  and  fungi;  they  take  on  new  habits 
to  accommodate  themselves  to  new  conditions.  It  is.  possible  that  a  good  market  apple 
may  spring  up  which  is  for  the  time  scab-proof;  but  when  we  have  learned  how  to  pro- 
duce such  kinds  with  tolerable  certainty,  the  enemy  will  have  grown  cunning  too. 
I  fear.  How  many  are  the  pears  which  are  sent  out  as  blight-proof,  and  ^et  in  a  few 
years  they  suffer  with  the  rest.  We  are  in  the  habit  of  distrusting  the  originator  who 
makes  this  claim  if  it  turns  out  false  in  after  years,  but  I  am  inclined  to  think  that  some 
of  these  varieties  re^dly  are  measurably  blight-proof  at  first.  K  the  histories  of  varieties 
of  fruits  could  be  written  from  the  natural-history  side,  I  fancy  that  many  of  our  notions 
would  be  upset. 

I  would  not  discourage  Doctor  Hoskins*  efforts  toward  scab-proof  apples,  but  I  am 
not  over-confident  of  success.  For  my  generation,  at  least,  I  must  pin  my  faith  to  the 
squirt-gun. 

(1893)    Bailey,  L.  H.    Scab-proof  apples.    Garden  and  forest  5  :  441. 
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The  above  was  written  in  connection  with  a  discussion  of  the  Baldwin 
apple.  At  that  time  this  variety  was  considered  fairly  resistant  to  scab, 
yet  Professor  Bailey  notes  that  in  some  cases  it  was  attacked  to  some 
extent.  It  is  significant  to  mention  here  that  during  the  season  of  19 10 
the  unsprayed  Baldwins  in  Mr.  Case's  orchard  at  Sodus,  New  York  — 
one  of  the  most  carefully-cared-for  orchards  in  the  State  —  gave  ninety- 
eight  per  cent  of  scabby  fruit.  Might  it  not  be  possible  that  the  fungus 
has  become  better  adapted  to  this  host  than  in  former  years,  as  predicted 
by  Professor  Bailey  in  1892  ?  It  is  not  necessarily  true  that  the  scab  fungus 
in  general  has  become  able  to  attack  more  tmcongenial  hosts;  but  in  this 
particular  Baldwin  orchard  a  strain  of  the  fungus  that  is  capable  of  fiotuish- 
ing  imder  favorable  weather  conditions  on  the  Baldwin  apple  may  have 
been  bred  merely  by  means  of  natural  selection.  It  should  be  possible 
for  experimenters  to  breed  fungi  as  well  as  higher  plants;  and  in  a  Baldwin 
orchard  in  which  the  fungus  is  more  or  less  harbored  for  years,  those 
strains  that  are  capable  of  attacking  that  variety  persist  and  multiply 
tmtil  finally  the  disease  is  as  prevalent  as  in  other  orchards  of  other  pre- 
viously susceptible  varieties. 

There  is  no  reason  to  expect  that  any  variety  on  which  the  fungus  can 
grow,  no  matter  to  how  small  an  extent,  will  remain  resistant  indefinitely 
if  it  is  permitted  to  select,  cultivate,  and  multiply  those  strains  of  the 
fungus  that  are  capable  of  attacking  it.  Perhaps  if  an  absolutely  immune 
variety  could  be  found  there  would  be  hope  that  such  a  variety  could 
be  kept  immune  imtil  some  particularly  virulent  strain  of  the  ftmgus 
lodged  on  it  by  chance.  Then,  if  the  virulent  character  of  the  latter  is 
perpetuated,  there  is  no  reason  why  its  offspring  would  not  be  multi- 
plied, in  time  even  producing  an  epidemic  on  this  previously  immtme 
variety. 

Voges  (19 10)  claims  that  red-skinned  varieties  are  much  more  resistant 
to  scab  than  are  closely  related  white  varieties.  He  offers  the  suggestion 
that  the  coloring  substance  in  the  skin  may  in  some  way  be  the  cause 
of  the  resistance  to  infection  of  such  varieties.  Eriksson  (191 1)  takes 
issue  with  this  view  and  cites  cases  in  which  red-skinned  apples  were 
as  badly  attacked  as  others. 

Aderhold  (1896)  made  a  study  of  varietal  susceptibility  and,  while 
great  difference  was  noted,  none  of  the  four  himdred  and  fifty  varieties 
of  apples  cultivated  in  Germany  were  found  to  be  immune.  Aderhold 
concludes  also,  on  comparing  his  obervations  with  those  of  Goethe,  that 
varietal  susceptibility  may  vary  in  different  localities. 

(1896)     Aderhold.  Rudolf.     Die  Fusicladien  unserer  obstb&ume.     Landw.  jahrb.  2$  :  894. 
(1910)     Voffes.  Ernst.     Die  belcAmpfung  des  Fuaicladium.     2^itsch.  pflanxenkr.  ao  :  385-393. 
(i9ti)     Bnkason,  J.      Die  rote  farbe  der  fntchtachale  tmd  die  schorfkrankheit  der  obstaorten.     Zeittch. 
pflansenkr.  ai  :  139-131. 
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The  same  author  (1902)  records  the  results  of  a  five-years  experiment 
on  susceptibility  of  varieties  and  on  the  relation  of  weather  to  such  sus- 
ceptibility. One  hundred  and  sixty-three  varieties  were  kept  tinder 
observation  during  the  season  from  1897  to  1901,  inclusive.  Notes  were 
taken  with  reference  to  the  disease  on  foliage.  An  elaborate  tabulation 
was  made  showing  the  relative  susceptibility  of  each  variety  in  each  season. 
Only  a  few  varieties  exhibited  the  same  disease-resisting  power  throughout 
the  five  years,  and  almost  without  exception  these  were  such  varieties 
as  suffered  little  during  the  great  epidemic  year  of  1897.  Some  varieties, 
Aderhold  notes,  rose  almost  by  bounds,  so  to  speak,  to  a  condition  erf 
relative  freedom  from  disease;  others  were  attacked  very  severely  in 
1900  and  but  slightly  in  1901;  while  still  others  showed  gradually  less 
severe  attacks  each  year.  Aderhold  notes  further  that  not  a  few  varieties 
which  in  1897  — the  epidemic  year  —  were  relatively  immime,  were  very 
susceptible  in  1898  and  1899.  As  a  result  of  his  investigations  this  author 
states  that  only  those  few  varieties  which  were  resistant  every  year  can 
properly  be  considered  resistant;  and  one  can  plainly  see  by  examining 
his  results  that  resistant  varieties  cannot  be  selected  from  the  observa- 
tions of  a  single  season,  even  though  that  season  be  an  epidemic  one. 
This  doubtless  accounts  for  some  of  the  conflicting  reports  on  resistance 
of  certain  varieties  to  scab. 

An  anonymous  author  (1900)  notes  that  certain  varieties  may  appear 
to  be  immune  in  one  season  but  may  be  very  susceptible  in  another  season, 
tmder  different  weather  conditions.  This  author  notes  also  that  no  variety 
can  be  considered  entirely  immime  imder  all  conditions.  The  same  general 
sentiment  is  voiced  by  Fischer  (1909),  who  states  that  no  variety  is  immune 
and  that  many  varieties  may  be  practically  free  in  certain  seasons  and 
yet  suffer  at  other  times. 

CONTROL 

SANITARY  MEASURBS 

It  should  not  be  inferred  from  what  has  been  said  regarding  infection 
by  the  perfect  stage  of  the  scab  fungus  that  the  disease  can  be  controlled 
by  sanitary  measures  alone.  There  will  probably  always  be  enough  fallen 
leaves  exposed  to  permit  some  infection,  from  which  further  spread  may 
be  rapid.  It  is  doubtless  true  also  that  spores  can  be  carried  for  consider- 
able distances  from  neighboring  orchards.  If,  however,  the  dead  leaves 
are  turned  under,  it  is  probable  that  much  less  danger  will  result  from 
primary  infection  tisually  occurring  about  blossoming  time.     In  most 

(1900)  Anonymous.  Einige  krankfaeitcn  und  feinde  der  obstb&time  und  weinreben.  Deut.  landw. 
presse  vj  :  721. 

(1002)  Aderhold.  Rudolf.  Ein  beitrac  xur  frage  der  cmpf&nglichkeit  der  apfelsortcn  fur  Pusicladiaa 
dendriticum  (Wallr.)  Puckel  und  deren  betiehungen  zum  wetter.  Kaiaerlichea  Gesundhdtaamt.  BioL 
Abt.  Land-  u.  Forstw.     Arb.  a  ;  560-566. 

(1909)     Fischer,  F.    Uber  die  bek&mpfung  des  Pusicladium.    Zeitach.  pflanxeokr.  tp  :  432-434* 


Digitized 


by  Google 


Scab  Disease  op  Apples  583 

cases  the  primary  attack  would  probably  be  so  light  as  to  cause  no  serious 
results  aside  from  furnishing  convenient  sources  for  more  abimdant 
secondary  infection.  Theoretically,  then,  it  should  be  possible  to  disp>ose 
of  many  sources  of  primary  infection  by  plowing  the  orchard  in  the 
previous  autumn,  or  eariy  in  the  spring  before  the  ascospores  have 
ripened. 

A  striking  demonstration  of  this  point  was  observed  at  Medina,  New 
York,  by  the  writer  in  1909  and  reported  by  Whetzel  (1910).  Several 
orchards  in  a  certain  locality  were  very  severely  attacked  by  the  early 
infection.  None  of  these  orchards  had  been  plowed  and  the  leaves  were 
foimd  to  contain  perithecia  in  abundance.  One  orchard  just  across  the 
road  from  one  of  those  mentioned  above  had  been  plowed  early  in  the 
spring  and  the  old  leaves  were  thus  turned  under.  This  orchard  was 
comparatively  free  from  scab  on  the  leaves  at  the  date  when  these  observa- 
tions were  made. 

Brooks  (1909)  also  cites  a  striking  demonstration  of  this  point.  He 
states:  "  The  results  were  secured  in  two  Mcintosh  orchards,  which 
have  been  under  observation  for  several  years.  Both  have  been  seriously 
affected  with  scab  each  year,  and  the  percentage  of  loss  has  been  approx- 
imately the  same  in  the  two.  Both  orchards  were  in  sod.  About  the 
middle  of  April  a  fire  escaped  from  a  sugar  camp  and  swept  over  the  entire 
area  of  one  of  these  orchards.  Not  a  scab  spot  could  be  found  in  this 
orchard  the  following  summer,  while  the  disease  was  quite  common  in 
the  other  orchard." 

Other  features  of  sanitation  —  such  as  the  removal  of  rotted  fruit  and 
dead  branches,  and  the  like  —  although  doubtless  important  in  insect  control, 
are  probably  not  of  importance  so  far  as  scab  is  concerned  since  the  prin- 
cipal winter  home  of  the  fungus  is  in  the  leaves.  Drainage,  of  course, 
should  be  considered  a  factor  in  case  of  very  wet  soils,  since  an  excess 
of  moisture  favors  ^development  of  the  ftmgus  by  increasing  atmospheric 
htunidity;  this  hinders  rapid  drying  of  trees  after  rains  and  thus  creates 
favorable  conditions  for  the  development  of  ascospores. 

Pruning  is  an  important  factor.  The  denser  the  foliage  of  the  tree, 
the  more  slowly  it  dries  out  after  each  rain.  The  longer  the  tree  remains 
wet,  the  better  is  the  opporttmity  for  spores  of  the  fungus  to  germinate 
and  cause  infection. 

The  location  of  the  orchard  with  respect  to  air  drainage  is  also  important 
for  the  same  reason.  Trees  situated  on  a  hiU,  or  otherwise  located  where 
there  is  free  circulation  of  air,  dry  out  much  more  quickly  than  do  those 
growing  in  a  pocket  into  which  air  currents  commonly  do  not  pass. 

(1909)  Brooks.  Charles.     Some  apple  diseases.     New  Hampshire  Agr.  Exp.  Sta.     Bui.  144  :  116. 

(1910)  Whetzel.  H.  "      "^  '    •  ...  «         -     .    ^ 

Assn.     Kept.  9  :  i9~ao. 
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SELECTION  OF   RESISTANT  VARIETIES 

This  practice  offers  very  little  promise  as  a  means  of  control.  In  the 
discussion  of  varietal  susceptibility,  it  has  been  shown  that  no  variety 
is  likely  to  remain  immtme,  or  even  very  resistant,  for  many  years. 
Further,  even  though  a  resistant  variety  could  be  obtained,  the  grower 
could  not  afford  to  sacrifice  other  desirable  qualities  for  this  one.  There- 
fore it  would  seem  better  to  select  for  quality  of  fruit  and  for  productive- 
ness, vigor,  and  hardiness  of  tree,  and  depend  on  some  method  of  pro- 
tecting the  tree  from  scab. 

SPRAYING 

In  view  of  the  above  discussion  it  will  become  evident  that  the  most 
important  method  to  be  employed  in  controlling  this  disease  is  by  timely 
applications  of  a  protecting  substance  to  the  host.  The  early  infection 
may  be  lessened  by  disposing  of  the  dead  leaves  or  by  plowing  them  under. 
Proper  pruning  and  good  air  drainage  will  aid  in  reducing  danger  of  infec- 
tion, and  varieties  may  be  selected  that  are  somewhat  less  susceptible 
than  others.  But  with  all  these  precautions  it  is  certain  that  dean  fruit 
cannot  be  grown  unless  the  trees  are  properly  sprayed.  This  is  now 
generally  admitted  and  needs  no  argimient.  Much  is  yet  to  be  learned, 
however,  as  to  methods.  The  study  of  the  habits  of  the  parasite,  which 
has  already  been  dwelt  upon  in  the  text,  is  of  importance  chiefly  as  a 
means  of  learning  how,  when,  and  where  it  can  be  most  effectively  attacked 
without  injury  to  the  host  plant. 

The  problem  is  to  find  the  best  fimgicide  and  to  learn  how  and,  still 
more  important,  when  it  should  be  applied. 

Fungicides 
Some  of  the  properties  essential  for  a  good  protective  ftmgicide  may  be 
entunerated  as  follows:  first,  the  substance  that  goes  .into  solution  from 
the  dried  coating  of  spray  material  must  have  fungicidal  value;  second, 
this  substance  must  go  into  solution  in  the  presence  of  meteoric  water, 
or  it  may  be  so  brought  into  solution  by  the  germinating  spores  of  the 
fungus  to  be  controlled,  in  suflSdent  quantity  to  prevent  germination 
of  the  spores;  third,  it  must  not  go  into  solution  in  such  quantities  or  so 
rapidly  that  the  material  will  all  dissolve  and  be  carried  off  with  the  first 
short  rain,  or  in  such  quantities  as  to  cause  injury  to  the  host  if  the  resultr 
ing  solution  is  caustic;  fourth,  the  material,  if  applied  as  a  solution,  must 
change  to  a  relatively  insoluble  form  in  drjdng  on  the  plant,  dse  the  results 
will  not  be  lasting  as  the  substance  will  all  be  washed  off  with  the  first  rain; 
and  fifth,  the  material  must  adhere  to  the  plant  so  that  the  solid  partides 
will  not  be  removed  mechanically  by  rains  or  otherwise. 
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All  these  points  must  be  considered  in  choosing  a  fungicide  for  the 
control  of  apple  scab,  as  well  as  of  other  diseases  of  a  similar  nature  when 
the  principle  involved  is  one  of  protection.  There  are  many  substances 
that  are  powerful  antiseptics  and  have  strong  fimgiddal  properties  but 
are  not  effective  in  controlling  such  diseases.  Many  such  substances 
have  been  tested  by  reliable  investigators  and  have  proved  to  be  inefficient. 

McAlpine  (1907)  reports  experiments  in  which  were  used  certain  pro- 
prietary sheep  dips  (Cooper's  and  Little's) ;  also  phenyl,  phenylene,  crude 
carbolic  acid,  and  oil  of  tar,  i  part  in  160  parts  of  water.  None  of  these 
materials  were  at  all  effective  in  preventing  scab. 

There  is  no  doubt  that  many  of  these  substances  possess  fungicidal 
properties.  Doubtless  the  reason  why  they  do  not  succeed  is  that  they 
are  too  easily  soluble  in  water  and  do  not  change  to  an  insoluble  form 
after  being  applied.  Since  the  fimgicide  protects  from  infection  by  form- 
ing a  protective  layer  over  the  surface  of  the  susceptible  parts  of  the  plant, 
there  seems  little  reason  to  expect  that  a  soluble  preparation  such  as 
carbolic  acid,  which  does  not  become  relatively  insoluble  after  dr3ring 
on  the  plant,  can  be  used  in  controlling  such  diseases  as  apple  scab. 

In  the  case  of  bordeaux,  the  mixture,  of  which  copper  is  the  essential 
fimgiddal  ingredient,  is  applied  in  the  insoluble  form  and  adheres  to 
the  plant  like  paint,  forming  a  comparatively  permanent  protection. 
The  copper  is  probably  made  effective  by  being  very  slowly  brought 
into  solution  by  means  of  certain  agendes,  dther  atmospheric  con- 
ditions or  the  solvent  action  of  spores,  as  needed.  In  the  case  of  lime- 
sulfur  solution,  the  sulfur,  which  is  evidently  the  fimgiddal  ingre- 
dient, is  applied  in  a  soluble  form.  This  would  be  almost,  if  not 
completdy,  washed  off  in  the  first  few  minutes  of  rain,  leaving  the 
plant  unprotected  even  during  the  latter  part  of  the  same  rain.  During 
the  drying  process,  however,  certain  chemical  changes  occur  and  the 
sulfur  is  deposited  as  a  relativdy  insoluble  precipitate,  forming  a  protec- 
tive and  comparativdy  permanent  layer  as  in  the  case  of  bordeaux  mixture. 

A  third  type  of  germidde,  carbolic  acid,  may  be  compared  with  the 
two  discussed  above.  This  is  applied  in  the  soluble  form.  It  dries  on 
the  plant  without  becoming  insoluble;  consequently  it  is  dissolved  and 
carried  away  in  the  first  few  minutes  of  rain  and  the  plant  is  thereafter 
left  unprotected.  Carbolic  add  may  be  a  stronger  germidde  than  lime- 
sulfur  or  bordeaux,  but  the  lack  of  the  one  peculiar  property,  a  proper 
balance  of  solubility,  makes  it  worthless  for  this  purpose. 

Bordeaux  mixture 

Many  fungiddes  and  many  combinations  of  fungicides  have  been  tried 
in  connection  with  the  control  of  apple  scab.    Until  very  recently  bordeaux 

(1907)     McAlpine,  D.    Experiments  with  black  spot  of  apple.     Victoria  Agr.  Dept.    Journ.  5  :  362-363. 
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mixture  has  remained  preeminently  the  standard,  and  the  only  spray 
used  generally  for  the  purpose.  So  much  was  this  the  case  that  the  state- 
ment that  bordeaux  mixture  is  the  best  fungicide  has  become  axiomatic. 
Most  attempts  at  improvement  in  fungicides  have  been  along  the  line  of 
various  modifications  of  bordeaux  or  by  the  use  of  other  copper  compounds. 
Many  such  combinations  have  been  tried  with  varying  success ;  the  number 
of  experiments  of  this  kind  is  too  great  to  pennit  of  their  mention  here. 
Perhaps  no  one  man  has  tried  a  greater  number  of  such  combinations 
than  has  McAlpine  (1902),  to  some  of  whose  very  interesting  experiments 
brief  reference  is  here  made. 

In  his  report  on  control  experiments  in  Australia  during  the  season 
of  1 90 1  and  1902  McAlpine  records  the  use  of  many  modifications  of 
bordeaux  mixture,  with  some  suggestive  results.  Many  substances  were 
used,  such  as  linseed  oil,  sal  ammoniac,  nitric  acid,  alimi  and  salt,  molasses, 
caustic  soda,  washing  soda,  permanganate  of  potash,  bluestone,  and  rosin. 
In  addition  to  these  was  a  certain  "  Grant's  mixture,**  with  some  imknown 
substance  added.  This  gave  much  better  control  in  every  one  of  the 
three  sets  of  experiments  than  did  ordinary  bordeaux  or  any  other  modi- 
fications tried.  The  addition  of  common  salt  seemed  to  increase  somewhat 
the  efficiency  of  bordeaux. 

Dust  sprays 

Dust  sprays,  if  efficient,  can  be  applied  with  much  less  expense  than 
other  sprays,  and  can  be  used  in  orchards  so  located  topographically  that 
it  is  diffictdt  to  transport  heavy  spraying  apparatus.  In  most  cases  in 
which  comparative  tests  of  dry  spray  and  liquid  spray  have  been  made, 
a  dry  bordeaux  preparation  was  used,  which  was  applied  with  a  special 
blowing  apparatus. 

The  results  in  general  have  been  decidedly  discouraging  for  the  diist 
spray,  as  will  be  shown  by  the  following  reports.  In  many  cases  the  dust 
spray  seemed  to  have  no  effect  whatever  in  controlling  the  fimgus,  and  in 
other  cases  but  little  effect.  In  one  State,  however,  the  dust  spray  seemed 
to  give  fairly  good  results  in  controlling  scab. 

Close  (1905  and  1906)  compared  dust  sprays  with  liquid  sprays  for 
the  control  of  apple  scab  and  other  pests.  The  dust  spray  controlled  apple 
scab  very  well  in  both  seasons.  The  author  concludes  that  the  dust 
spray  promises  well  for  Delaware.  No  further  experiments  have  been 
reported  by  him. 

A  series  of  experiments  covering  a  period  of  three  years,  comparing 

(1902)  McAlpine,  D.  Experiments  in  the  treatment  of  black  spot  of  the  apple  and  pear.  Victoria 
AgT.  Dcpt.    Joum.  1:620-630. 

(1905)  Clo«e,  C.  P.     Dust  spraying  in  Delaware.     Delaware  Agr.  Exp.  Sta.     Bui.  69  :  1-7. 

(1906)  Ck>M,  C.  P.  Third  report  on  dtut  and  liquid  spraying.  Delaware  Agr.  Bxp.  Sta.  BuL  76  : 
1-19. 
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dust  sprays  with  Uqiud  'sprays,  was  conducted  by  Crandall  (1906)  of 
Illinois.  In  these  experiments  a  dry  bordeatix  was  used  in  combination 
with  pans  green.  The  test  was  repeated  in  each  of  the  seasons  1903, 
1904,  and  1905.  In  every  case  the  dust  spray  is  reported  as  almost  worth- 
less so  far  as  controlling  apple  scab  is  concerned.  Even  the  foliage  was 
not  protected  and  it  fell  from  the  treated  trees  about  as  badly  as  from 
those  untreated. 

Faurot  (1908)  reports  experiments  in  Missoiui,  where  the  use  of  home- 
made and  commercial  dust  bordeaux  resvdted  in  only  four  to  five  per  cent 
of  scab-free  fruit  while  the  use  of  liquid  bordeaux  resulted  in  over  ninety 
per  cent. 

Lawrence  (1906)  obtained  eighty-eight  to  ninety-seven  per  cent  of 
scab-free  fruit  with  liquid  bordeaux  and  only  one  to  nine  per  cent  with 
dust  bordeaux.  In  another  experiment  reported  by  Lawrence,  liquid  bor- 
deaux protected  eighty-four  to  ninety-three  per  cent  of  the  fruit  and 
dust  bordeaux  protected  only  five  to  eight  per  cent. 

The  examples  given  are  suflScient  to  indicate  that  under  ordinary  con- 
ditions little  or  no  dependence  can  be  placed  on  a  bordeaux  dust  spray 
such  as  has  been  used  up  to  the  present  time.  These  examples  do  not  pre- 
clude the  possibility  of  finding  a  satisfactory  dry  preparation,  however, 
and  if  some  form  of  dust  spray  can  be  devised  that  will  be  eflSdent  the 
cost  of  sprajdng  will  be  much  reduced. 

Lime-sulfur  preparations 

Lime-sulfur  solution, —  The  use  of  lime-sulfur  preparations  as  fungi- 
cides is  discussed  in  detail  by  the  writer  in  three  bulletins  recently  pub- 
lished by  the  New  York  State  College  of  Agriculture  at  Cornell  University: 
Bulletin  288,  Spray  injury  induced  by  lime-sulfur  preparations;  Bulletin 
289,  Lime-sulfur  as  a  summer  spray;  Bulletin  290,  Studies  of  the  fungicidal 
value  of  lime-sulfur  preparations.  It  is  therefore  not  necessary  to  repeat 
that  discussion  here,  further  than  to  say  that  the  work  on  this  problem 
begun  by  Cordley  (1908)  —  to  whom  belongs  the  credit  of  introducing  on 
a  practical  basis  in  America  the  use  of  lime-sulfur  solution  as  a  summer 
spray  —  has  progressed  with  increasing  momentum  each  year  since  its 
beginning.  The  result  is  that  to-day  a  large  nimiber  of  growers  through- 
out the  country  have  profited  by  the  experience  of  the  several  investigators 
who  have  been  working  on  the  problem,  and  are  using  lime-sulfur  solution 
combined  with  lead  arsenate  as  a  simimer  spray  for  apples. 

(1906)  CrandaH,  C  S.    Spraying  apples.    Relative  merits  of  liquid  and  dust  applications.     Illinois 

Agr.  Exp.  Sta.     Bui.  io6  :  205-242. 

(1906)  Lawrence,  W.  H.  Apple  scab  in  eastern  Washington.  Washington  Agr.  Exp.  Sta.  Bui.  75: 
x-14. 

(1908)  Cordley,  A.  B.  The  lime-sulphur  spray  as  a  preventive  of  apple  scab.  Rural  New-Yorker 
67  :  aoa. 

(1908)  Faurot,  P.  W.    Spraying  versus  dusting.     Missouri  Fruit  Sta.    Bui.  19  :  1-24- 
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The  principal  advantage  of  lime-sulfur  over*  bordeaux  mixture  Kes  in 
the  fact  that  the  severe  russeting  of  fruit  often  resulting  under  certain 
weather  conditions  from  the  use  of  the  latter  is  avoided.  The  fruit  sprayed 
with  lime-sulfur  usually  has  a  much  smoother,  more  highly  colored  skin 
and  a  more  waxy  finish  than  has  that  sprayed  with  bordeaux  mixture. 
The  occurrence  of  bordeaux  injury  has  seemed  to  be  more  common  within 
recent  years  than  formerly,  and  the  advent  of  an  eflScient  substitute  which 
promises  to  avoid  the  difficulty  has  been  heartily  welcomed  by  growers. 

It  must  not  be  imderstood,  however,  that  the  use  of  lime-sulfur  with 
lead  arsenate  is  advised  as  the  only  summer  spray  for  apples.  This  recom- 
mendation at  present  is  safe  for  New  York  State,  since  here  scab  is  the 
all-important  fungous  disease  for  which  spraying  must  be  done.  Farther 
south,  however,  bitter  rot  and  apple  blotch  are  of  vital  importance,  and 
Quaintance  and  Scott  (1912)  have  determined  that  lime-stdfiur  solution 
cannot  be  relied  on  to  control  those  diseases.  Where  they  are  present 
the  lime-sulfur  treatment  for  scab  should  be  followed  by  later  applications 
of  bordeaux  mixture. 

Scoit  lifne-sulfur, —  In  addition  to  the  lime-sulfur  solution  which  con- 
sists essentially  of  basic  calcium  sulfids,  prepared  by  boiling  together  in 
water  lime  and  sulfur  in  proper  proportions  and  properly  diluted,  there 
has  arisen  the  self-boiled  lime-sulfur  devised  by  Scott  (1909)  and  used 
by  him  so  successfully  for  the  control  of  peach  rot  and  peach  scab.  This, 
although  highly  effective  for  those  diseases,  seems  rather  inefficient  for 
the  control  of  apple  scab,  probably  lai:gely  because  it  does  not  adhere 
so  weU  as  is  desirable. 

Waiters  modification. —  An  interesting  set  of  experiments  is  reported 
by  Waite  (19 10)  on  results  obtained  by  the  use  of  several  modifications 
of  sdf-boiled  lime-sulfur  and  bordeaux  mixture.  The  most  promising 
of  these  was  prepared  by  adding  iron  sulfate  to  self-boiled  lime-sulfur 
mixture.  This  seemed  to  increase  the  efficiency  of  the  latter,  which  at 
the  same  time  retained  its  freedom  from  injurious  properties. 

When  to  spray 
First  application 

The  fundamental  principle  on  which  this  phase  of  the  subject  is  based 
has  already  been  discussed  in  connection  with  the  study  of  infection.  To 
know  when  infection  occurs  is  to  know  when  to  spray.  As  has  already 
been  pointed  out,  the  fungicide  must  be  applied  before  the  infection  occurs 

(1900)  Scott.  W.  M.  Lime*«uUur  mUttires  for  the  summer  spraying  of  orchards.  U.  S.  Agr.  Dept.. 
Plant  Indus.  Bur.     Circ.  27  :  IS-17.  „   ^ 

(19 10)  Waite,  M.  B.  Bxperiinents  on  the  apple  with  some  new  and  little-known  fungicides.  U.  S. 
Agr.  Dept..  Plant  Indus.  Bur.     Circ  58  :  i-iQ.  ,   ^ 

(191 2)  Quaintance.  A.  L..  and  Scott,  W.  M .  The  more  important  insect  and  fungous  enemies  of  the 
fruit  and  foliage  of  the  apple.     U.  S.  A|^.  Dept.     Farmers  buL  49a  :  23-26. 
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Plate  XI. —  The  stage  of  development  of  the  host  reached  at  the 
time  of  first  infection  in  iQio.  This  is  the  stage  at  which  the  first 
application  of  spray  can  be  made  effectively 
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in  order  to  prevent  it.  Thefirst  infection  usually  occurs  when  the  blossoms 
are  about  to  open,  or  as  soon  thereafter  as  favorable  weather  conditions 
arise.  Spraying  for  scab  must  be  begun  before  this  time  if  the  trees  are 
to  be  insured  against  early  infection.  Since  the  ascospores  do  not  mattue 
until  about  the  time  when  the  blossom  buds  show  pink,  the  first  applica- 
tion may  be  delayed  until  about  that  time.  Spraying  experiments  in 
19 10  added  evidence  to  this  conclusion.  Although  the  weather  trom  the 
time  when  the  leaf  buds  first  opened  was  such  as  to  furnish  ideal  conditions 
for  fungous  infection,  the  spray  applied  after  the  buds  were  showing  con- 
siderable pink  prevented  the  early  infection. 

The  primary  infection  is  often  very  light.  In  many  cases  it  is  not 
sufficient  in  itself  to  cause  much  loss.  This  accounts  for  the  fact  that  in 
many  cases  the  application  before  the  blossoms  open  has  been  omitted 
without  loss.  Several  factors  may  enter  into  the  conditions  governing 
this  point.  An  abundance  of  dead  leaves  lying  open  under  the  trees, 
and  the  development  of  an  abtmdance  of  perithecia  in  these  leaves,  fur- 
nish the  sotm^e  of  infection,  and  wet  weather  at  the  right  time  furnishes 
the  conditions. 

Later  applications 

An  application  after  the  blossoms  fall  is  necessary  in  order  to  protect 
the  trees  from  later  attacks,  and  it  is  also  advisable,  under  ordinary  con- 
ditions, to  spray  again  two  or  three  weeks  later.  By  this  time  the  apples 
will  have  grown  considerably  and  new  surfaces  will  have  been  exposed. 
Sometimes  a  fourth  application  in  late  July  or  in  August  is  necessary 
in  order  to  prevent  late  infection. 

Not  only  should  the  grower  watch  the  conditions  of  the  fruit  buds, 
but  he  should  also  watch  the  weather  and  attempt  to  get  the  spray  on 
ahead  of  general  storm  periods  if  possible.  Many  growers  delay  the  spray- 
ing tmtil  after  the  rain  is  over  if  rainy  weather  happens  to  be  threatening 
at  the  time,  thinking  that  the  rain  will  wash  off  the  spray.  No  worse 
mistake  than  this  can  be  made.  It  is  during  wet  weather  that  the  spray 
is  needed  to  protect  the  trees  from  infection,  which  occurs  only  in  the 
presence  erf  excessive  moisture.  The  spray  does  not  wash  off  so  easily  as 
is  ordinarily  supposed.  If  it  has  twenty-five  minutes  in  which  to  dry 
before  any  washing  rain  occurs  it  will  adhere  well.  Any  spray  that 
will  not  stand  some  washing  after  it  has  once  dried  on  the  tree  cannot  be 
considered  an  efficient  preventive  for  this  disease. 

Dormant  spraying 

There  appears  to  be  an  opinion  prevalent  that  winter  spraying  is 
important  in  connection  with  the  control  of  apple  scab.    Several  persons 
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have  advocated  the  substitution  of  the  dormant  spray  for  the  application 
just  before  the  blossoms  open. 

The  life  history  of  the  ftmgus  in  its  relation  to  this  point  has  already 
been  discussed.  Evidence  pr^ented  in  that  discussion  shows  that  the 
main  source  of  early  infection  is  the  dead  leaves.  Spraying  the  trees 
before  the  leaves  open  cannot  be  expected  to  protect  from  this  source 
of  infection,  because  the  leaves  and  the  young  buds  which  are  to  be  pro- 
tected are  not  yet  exposed  so  that  the  spray  can  reach  them. 

It  has  been  suggested  that  the  conidia  can  live  over  winter  on  the  twigs 
or  the  bud  scales  and  that  the  spray  applied  during  the  dormant  period 
kills  them.  It  has  been  shown,  however,  that  the  conidia  are  not  likely 
to  live  through  the  winter,  and  further  that  apple  scab,  tmlike  pear  scab, 
is  not  of  common  occurrence  on  the  twigs. 

Even  though  it  be  admitted  that  some  infection  from  either  of  the 
above  sources  may  occur,  it  would  not  change  the  facts  from  the  practical 
standpoint.  It  is  known  certainly  that  ascospores  are  responsible  for  at 
least  most  of  the  early  spring  infection,  and  that  it  is  necessary  to  spray 
in  order  to  protect  trees  from  this  source.  It  is  fiuther  known  that  it  is 
impossible  to  protect  trees  from  this  source  except  by  coating  the  surface 
of  the  parts  to  be  protected  with  the  spray,  and  this  cannot  be  done  until 
those  parts  are  exposed. 

Spraying  fallen  leaves 

The  question  is  sometimes  asked,  will  the  spray  falling  on  the  dead 
leaves  beneath  the  tree  kill  the  ascospores  or  prevent  them  from  being 
dischai^ged?  A  study  of  the  mechanism  by  means  of  which  the  spores 
are  discharged  will  answer  this  question.  The  spores,  being  borne  in  a 
closed  perithecitun  as  shown  in  Fig.  183  (page  555),  are  protected  from  the 
fungicide  until  their  discharge  takes  place.  It  will  be  seen  further,  from 
the  same  figure,  that  the  asci  containing  the  spores  protrude  beyond  the 
surface  of  the  leaf,  passing  the  spores  safely  through  any  coating  of  spray 
material  that  may  be  present  without  even  necessitating  their  contact 
with  it. 

Summary 

Thus  far  mainly  the  theoretical  side  of  the  question  as  to  the  time  of 
spraying  has  been  presented.  If  the  facts  show  that  winter  spraying 
can  be  depended  on  to  control,  or  even  to  prevent,  early  infection  the  theory 
must  be  wrong.  Some  persons  have  considered  that  the  amount  of  scab 
is  decreased  by  a  winter  spray;  but  that  the  winter  spray  cannot  be 
depended  on  to  replace  any  of  the  summer  applications  seems  clear. 
During  the  seasons  of  1909  and  1910  certain  trees  were  given  this  applica- 
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tion  only,  a  strong  lime-sulifur  wash  being  used.  In  both  these  cases  it 
was  impossible  to  detect  any  difference  in  the  amount  of  scab  on  sprayed 
trees  and  on  unsprayed  trees. 

It  is  impossible  to  say  what  might  happen  in  some  cases,  but  it  is  certain 
that  in  the  two  cases  mentioned  above  the  dormant  spray  did  not  materially 
reduce  the  amount  of  scab.  The  methods  that  are  most  likely  to  be  suc- 
cessftd  must  be  adopted.  A  method  that  has  failed  during  two  consecutive 
years  is  certainly  not  to  be  relied  on.  It  should  be  understood  that  good 
results  may  be  obtained  for  many  seasons  or  under  certain  conditions 
when  the  application  before  the  opening  of  the  blossoms  is  omitted.  In 
many  cases  a  single  spraying  after  the  blossoms  have  fallen  gives  excellent 
results.  The  point  to  be  emphasized  is  that  in  cases  in  which  the  early 
summer  spraying  is  important,  the  dormant  spray  cannot  be  substituted 
for  it. 

Before  leaving  the  discussion  of  the  time  for  spraying,  the  writer  wishes 
to  emphasize  the  importance  of  making  each  application  at  the  proper 
time  and  of  being  prepared  to  do  so.  Any  grower  having  fifty  to  one 
hundred  acres  of  matiu^  apple  orchard,  who  expects  to  do  all  his  spray- 
ing with  a  single  outfit,  will  find  it  absolutely  impossible  to  comply  with 
the  above  requirements,  since,  as  can  be  seen,  the  time  limit  for  the  most 
effective  application  of  each  spraying  usu^dly  does  not  exceed  four  or 
five  days.  The  rule  for  every  grower,  therefore,  should  be  to  provide  suffi- 
cient spraying  equipment  to  thoroughly  spray  his  entire  orchard  within 
four  or  five  days  at  the  most.  This  is  much  more  important  than  is  gen- 
erally supposed,  since  the  spray  may  entirely  fail  to  control  scab  if  delayed 
one  or  two  days  too  long,  thus  permitting  the  infection  to  occur  before 
the  application  is  made. 

Efect  of  continued  spraying 

While,  as  has  already  been  pointed  out,  spray  applied  to  even  the 
badly  diseased  orchards  during  the  first  year  may  be  expected  to  result 
in  clean  fruit  it  is  doubtless  true  that  continued  spraying  year  after  year 
has  a  cumulative  effect  on  the  vigor  of  the  trees  and  thus  enables  them 
to  set  a  larger  crop  of  fruit  than  they  could  if  left  imsprayed.  The  foliage, 
being  protected  from  the  attacks  of  the  fxmgus,  remains  healthy  and  vigor- 
ous; consequently  the  trees  are  able  to  produce  a  larger  number  of  strong 
fruit  buds  than  would  otherwise  be  possible. 

This  point  is  already  emphasized  by  experiments  reported  by  Chester 
(1898)  of  Delaware.  In  experiments  conducted  with  the  same  trees  for 
three  successive  years,  those  imsprayed  gave  remarkably  small  yields 

(1898)  Chester,  P.  D.  Report  of  the  Mycologist,  Experiment  in  the  treatment  of  apple  scab 
upon  the  farm  of  S.  H.  Derby,  Woodside,  1897.     Delaware  Agr.  Bxp.  Sta.     Ann.  rept.  10  :  39-45* 
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in  the  third  year  while  the  sprayed  trees  maintained  the  same  quantity 
as  well  as  quality  of  yield.  In  this  connection  Crandall  (1906)  notes  that 
when  the  foliage  of  the  season  is  lost  as  a  result  of  severe  scab  infection, 
the  trees  are  likely  to  attempt  to  repair  the  loss  by  pushing  out  leaves 
from  buds  that  should  remain  dormant  until  spring  in  order  to  form  the 
fruit  crop  of  the  next  year. 

There  may  be  exceptions,  however,  to  the  above  rule.  If  trees  have 
over-borne  in  one  season  and  consequently  have  not  set  fruit  buds  for 
the  next  season,  it  may  happen  that  a  severe  early  attack  of  scab,  by  thin- 
ning the  fruit  during  the  season  of  over-production,  may  enable  the  tree 
to  set  more  fruit  in  the  following  season.  An  instance  of  interest  in  this 
connection,  in  the  case  of  pears,  is  reported  by  Beach  (1895).  Eight  Seckd 
trees  that  were  sprayed  six  times  in  1893  were  compared  with  eight  other 
trees  of  the  same  variety,  under  similar  conditions  except  that  they  were 
not  sprayed  in  1893,  as  to  production  in  1894.  Very  little  difference  in 
yield  was  noted,  and  also  very  little  difference  in  quality.  The  yield  of 
the  trees  sprayed  in  1893  was  slightly  greater,  and  the  quality  of  the  fruit 
was  slightly  better,  than  of  those  not  sprayed  in  that  year.  The  author 
comments  on  the  results  as  follows:  "  It  will  be  remembered  that  the 
sprayed  trees  in  1893  yielded  at  harvest  nearly  three  times  as  much  fruit 
as  did  the  unsprayed  trees,  so  that  on  further  reflection  it  is  not  amazing 
that  they  did  not  greatly  excel  the  latter  in  yield  in  1894.  That  they  were 
enabled  to  excel  them  in  quantity  and  nearly  equal  them  in  quality  of 
yield  in  1894  after  the  heavy  crop  of  1893  is  really  strong  evidence  of  the 
permanent  beneficial  effect  of  spraying.  The  permanent  injtirious  effects 
of  the  scab  fungus  on  the  unsprayed  trees  in  1893  was  no  greater,  if  as 
great,  as  the  permanent  injurious  effects  of  excessive  jridd  of  the  sprayed 
trees  even  though  their  foliage  was  kept  in  good  condition  by  the  spray." 
Beach  concludes  that  **  even  when  trees  are  sprayed,  large  annual  crops 
of  fruit  ought  not  to  be  expected  imless  they  are  well  fed  and  not  permitted 
to  overbear." 

This,  then,  was  a  case  in  which  the  permanent  injury  due  to  scab  prac- 
tically balanced  that  due  to  an  over-production  of  fruit.  In  the  latter 
case  the  injury  was  accompanied  by  the  remxmeration  of  the  crop  of  1893, 
while  in  the  former  case  it  resulted  in  total  loss. 

(1895)  Beach,  S.  A.  Spraying  pear  and  apple  orchards  in  1S94.  New  York  (Geneva)  Agr.  Bxp. 
SU.     Bui.  84  :  33-35. 

(1906)  Crandall,  C.  S.  Sprajring  apples.  Relative  merits  of  liquid  and  dust  applications.  Illinois 
Agr.  Exp.  Sta.    BuL  106  :  340. 
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i8g4  Die  perithecienform  von  Pusidadium  dendriticum  Wal.  (Ven- 
turia  chlorospora  f.  Mali).  Deut.  Bot.  GeseU.  Ber.  12:338- 
342. 

Shows  the  relationship  between  F,  dendriticum  on  living  apple  leaves 
and  V,  chlorospora  f.  Mali,  the  permanent  stage  on  dead  leaves. 

1895  Litterarische  berichtigimg  zu  dem  aufsatze  uber  die  peri- 

thecienform  von   Pusidadium   dendriticiun  Wall.     Deut. 
Bot.  Gesell.    Ber.  13:54-55. 

Speaks  of  earlier  investigations  connecting  F,  dendriticum  with  Ven- 
turia  stage. 

1896  Die  Pusicladien  unserer  obstb&ume.    Landw.  jahrb.  25:875- 

914. 

Detailed  accounts  of  the  scabs  of  apple,  pear,  and  cherry,  and  their 
relation  to  Venturia  stage  on  dead  leaves  ot  these  hosts. 

1897  Revision  der  species  Venturia  chlorospora,  inaequalis,  und 

ditricha  autorum.    Hedw.  36:80-83. 

Describes  the  different  species  of  Venturia  and  gives  their  hypho- 
raycetous  stages,  placing  Fusicladium  dendriticum  under  Venturia 
inaequalis  (Cooke)  Ad. 

1899  Arbeiten  der  botanischen  abteilung  der  Versuchsstation  des 
Kgl.  pomologischen  Instituts  zu  IVoskau.  Centbl.  bakt.  2 : 
5:521-522. 

Notes  Cephalotkecium  roseum  following  pear  scab.  Evidently  first 
note  of  parasitism  of  this  fungus.  Summanzes  experiments  at  Proskau 
on  varietal  susceptibility. 

xgoo    Die  Pusicladien  imserer  obstbatmie.    Landw.  jahrb.  29:541- 

588. 

Same  as  is  briefly  summarized  in  Centbl.  bakt.  2:6:593-595.  Ader- 
hold  notes  that  the  perithecia  are  ripe  before  the  blossoms  open  and  that 
the  first  infestation  appeared  about  the  middle  of  May,  which  would 
make  an  application  alter  blossoms  fall  too  late  for  sure  protection. 

xgoo    Die  Ptisicladien  tmserer  obstbaimie.    Centbl.  bakt.  2:6:593- 

595- 

Gives  list  of  host  plants  and  relationships.  Also  recommends  certain 
measures  for  control. 

xgox  Arbeiten  der  botanischen  abteilung  der  Versuchsstation  des 
Kgl.  pomologischen  Institutes  zu  Proskau.  Centbl.  bakt. 
2:7:661-662. 

Finds  that  summer  spraying,  if  given  while  leaves  were  young,  was  as 
eflfective  as  both  winter  and  summer  spraying.  Winter  spraying  alone 
apparently  gave  some  results. 
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Marked  difference  noted  for  some  varieties  in  different  seasons. 
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Biol.  Abt.  Land-  u.  Forstw.    Arb.  3:436-439. 
Cultural  and  cross-inoculation  experiments. 

Allen,  W.  J. 

1911    Black  spot  of  the  apple  and  pear.    Agr.  gaz.  N.  S.  Wales  22:9i5, 
Popular  directions  for  treatment. 

Alwood,  W.  B. 

1893     Injurious  insects  and  diseases  of  plants,  with  remedial  measures 
for  the  same.    Virginia  Agr.  Exp.  Sta.    Bui.  24 :  24. 

Mentions  Fusicladium  dendriticum  as  caus^  of  one  of  the  serious  apple 
diseases  in  this  State. 

Andr6,  Ed. 

z888    Les  Pusdcladiiun  et  nos  vergers.     Revue  horticole  60:246- 
247. 
Short  description  of  apple  scab. 

(Anonymous) 

1895-    Apple  scab.    U.  S.  Agr.  Dept.    Yearbook  1894: 577 ;  1895: 587 ; 
1898        1896:625;  1897:673. 

Treatment  for  prevention  of  scab. 

Arttiur,  J.  C. 

z8i35    Apple  scab  and  leaf  blight.    New  York  (Geneva)  Agr.  Exp. 
Sta.    Ann.  rept,  3:370. 
Short  note  on  damage  caused  by  this  fungus. 

Atwood,  G.  A. 

1907    Apple  scab.    New  York  State  Agr.  Dept.,  Hort.  Bur.    Inspec- 
tion bul.  1:12. 
Brief  note  on  scab. 

Bailey,  L.  H. 

1892    Scab-proof  apples.    Garden  and  forest  5:442. 

States  that  there  is  no  marketable  scab-proof  variety.    Baldwin 
perhaps  the  least  susceptible. 

1895    The  recent  apple  failures  of  western  New  York.    Cornell  Univ. 
Agr.  Exp.  Sta.    Bul.  84:1-34. 

Attributes  to  apple  scab  the  chief  cause  of  failtues,  and  discusses  the 
fungus  and  methods  of  combating  it. 
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Ballott,  F.  H. 

ZQio    Apple  culture  in  Ohio.    Ohio  Agr.  Exp.  Sta.    Bui.  317:527- 

559- 

The  scab  was  found  to  be  the  cause  of  withering  and  dropping  of 
blossoms  in  unsprayed  orchards.    Records  of  spraying  experiments. 

igzo    The  rejuvenation  of  orchards.     Ohio  Agr.  Exp.  Sta.     Bui. 
224:117-150. 

Reports  experiments  favoring  the  use  of  lime-sulfur  as  a  summer  spray 
for  apples. 

Beach,  S.  A. 

1897    Wood  ashes  and  apple  scab.    New  York  (Geneva)  Agr.  Exp. 
Sta.    Bui.  140:665-690. 

Reports  experiments  of  applying  wood  ashes  to  the  soil  as  not  pre- 
venting scab. 

Beach,  S.  A.,  and  Bailey,  L.  H. 

1900    Spraying  in  bloom.     New  York  (Geneva)  Agr.   Exp.    Sta. 
Bui.  196:399-460. 

Spraying  as  soon  as  blossoms  open  seems  to  prevent  set  of  fruit.  If 
blossoms  have  been  opened  several  days  spraying  seems  to  have  no  bad 
eflFect.  Laboratory  studies  showed  that  poisons  or  bordeaux,  or  even 
lime  alone,  prevent  germination  of  pollen. 

Beach,  S.  A.,  and  Little,  E.  E. 

1907    Spraying  calendar.    Iowa  Agr.  Exp.  Sta.    Bui.  89 : 4. 
General  directions  for  spraying  for  scab. 

Beach,  S.  A.,  Lowe,  V.  H.,  and  Stewart,  F.  C. 

1899    Common  diseases  and  insects  injurious  to  fruits.    New  York 
(Geneva)  Agr.  Exp.  Sta.    Bui.  170:385-387. 
Short  account  of  life  history,  and  methods  of  prevention. 

Beach,  S.  A.,  and  Paddock,  Wendell 

1896    Apple  scab.    New  York  (Geneva)  Agr.  Exp.  Sta.    Ann.  rept. 

14-345-347. 
Brief  discussion  of  apple  scab  and  prevention  by  bordeaux  mixture. 

Bericeley,  M.  J. 

185s    Why  do  pears  and  apples  crack?    Gard.  chron.  1855:724. 

States  that  this  is  due  to  Spilocaa  Pomi,  the  fructigenous  form  of 
HelmitUhosporium  Pyrorutnt  but  does  not  recognize  specific  difference 
between  the  forms  on  apple  and  pear. 

Bethune,  C.  J.  S. 

zgio    Apple  scab  (Venturia  inaequalis)  and  commercial  lime-sulphur. 
Ontario  Agr.  Col.  and  Exp.  Farm.    Ann.  rept.  35:34-35. 
Used  lime-sulfur  for  apple  scab  with  good  results. 
ZQii     Spraying  experiments.     Ontario  Agr.  Col.  and  Exp.  Farm. 
Ann.  rept.  36:31. 

Reports  successful  use  of  lime-sulfur  and  lead  arsenate.  Other 
arsemcab  used  with  lime-sulfiu'  are  likely  to  cause  burning. 
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BizzozerOi  6. 

1885    Fusicladium  dendritictim  var.  minor  Sacc.    Fl.  Ven.  crittog. 
1:510. 
Follows  Saccardo  in  giving  fonn  on  apple  as  variety  of  that  on  pear. 

Blair,  J.  C. 

1^)9    Spraying  apple  trees,  with  special  reference  to  scab  fungtis. 
Illinois  Agr.  Exp.  Sta.    Bui.  54:181-204. 

Results  of  spraying,  directions  for  making  fungicide,  description  of 
machinery,  and  like  information. 

1907    Fruit  and  orchard  investigations.     Illinois  Agr.   Exp.   Sta. 
Circ.  107 : 1-58. 

Note  on  relative  merits  of  liquid  and  dust  sprays  for  apples.  Reports 
experiments  of  three  years,  1 903-1 905.  Dust  sprays  were  inefficient  in 
every  case. 

Bonnsy  W.  W. 

19ZI     Orchard  spraying  problems  and  experiments.     Maine  Agr. 
Exp.  Sta.    Bui.  189:33-80. 

Reviews  past  work  on  sulfur  compounds  for  the  control  of  apple  scab, 
and  records  results  of  additional  experiments,  with  notes  and  observa- 
tions on  spray  injury. 

Bonorden)  H.  F. 

1851     Fusicladiimi  virescens.    Handbuch  der  allgemeinen  mykologie, 
p.  80. 

Describes  this  as  a  new  genus  and  species  and  says  in  part,  "  Kommt 
in  Garten  auf  veredelten  Apfelbaumen  vor."  Winter  gives  this  as  a 
synonym  of  the  pear-scab  organism,  and  Bonorden's  figures  certainly 
more  nearly  resemble  that  species  than  the  one  on  the  apple. 

Brefeld,  O. 

189Z    Venturia  ditricha  f.  Piri.    Unter.  gesammt.  mykol.  10:221. 

Shows  similarity  of  a  stage  produced  from  above  fimgus  to  the  scab 
of  pear  and  apple. 

Briosi  and  Cavara 

1892    Fusicladiimi  dendriticima  (Wallr.)  Fdd.    Fvmg.  par.,  no.  140. 
Illustrations  and  specimens  of  this  fungus,  together  with  a  short 
description. 

Brooks,  Charles 

1907  Diseases  of  the  apple.    New  Hampshire  Agr.  Exp.  Sta.    Rept. 

17-18:267-269. 
Note  containing  brief  description  of  apple  scab. 

1908  Report  of  the  Department  of  Botany.    New  Hampshire  Agr. 

Exp.  Sta.    Rept.  19-20:330-389. 

Notes  on  apple  scab.  Late  infection.  Bordeaux  injury.  Substi- 
tution of  lime-sulfur  for  bordeaux. 
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1909    Some  apple  diseases.    New  Hampshire  Agr.  Exp.  Sta.    Btil. 
144:111-116. 

Popular  description  and  discussion  of  treatment.  Spray  injury. 
Evidence  as  to  ascospore  infection. 

X910    Report  of  the  Department  of  Botany.    New  Hampshire  Agr. 
Exp.  Sta.    Bui.  151:21-22. 

Lime-sulfur  likelv  to  require  more  frequent  a{)plication  in  wet  seasons 
than  bordeaux.  Notes  on  late  infection  and  importance  of  spraying 
before  blossoms  open. 

Borrill,  T.  J. 

1882  Notes  on  parasitic  fungL    Agr.  rev.  3:4:86-88. 

Account  of  apple  scab. 

1883  An  orchard  scourge.    Mississippi   Valley   Hort.  Soc.    Trans. 

1:202-207. 

Account  of  apple  scab  and  the  damage  caused  by  the  disease  in 
Illinois. 

X901    The  apple  scab  fungus.    Illinois  Hort.  Soc.    Trans.  34:86-97. 
A  popular  article  on  present  knowledge  of  apple  scab. 

ButZy  6.  C. 

1898    Apples  in  Pennsylvania.     Pennsylvania  Agr.  Exp.  Sta,    Bui. 
43 -IS*  16. 
Treats  of  apple  scab  and  its  prevention  by  spraying. 

Card,  F.  W. 

1895    Apple-scab  in  Nebraska.    Garden  and  forest  8:28. 

Writer  thinks  the  small  amount  of  scab  found  in  this  State  is  due  to 
dry  weather. 

Chandler,  W.  H. 

1909    Combating  diseases  and  insects  of  the  orchard.    Missouri  State 
.  Bd.  Hort.    Ann.  rept.  3:348,  374-379- 

Popular  description  and  directions  for  control  of  scab. 

Chestefi  F*  D* 

z888    The  scab  of  the  apple  and  pear.     Delaware  Agr.  Exp.  Sta. 
Bui.  3:6-7. 
Short  note  on  above,  including  preventive  measures. 
1895    Experiments  in  the  treatment  of  peach  rot  and  of  apple  scab. 
Delaware  Agr.  Exp.  Sta.    Bui.  29:18-24. 
Favorable  results  from  spraying  with  bordeaux  mixture. 

1897  The  treatment  of  plant  disuses  in  1896.    Delaware  Agr.  Exp. 

Sta.    Bid.  34:14-19. 
Favorable  results  from  spraying  with  bordeaux  mixture. 

1898  Report  of  the  Mycologist.    Experiment  in  the  treatment  of 

apple  scab  upon  the  farm  of  S.  H.  Derby,  Woodside,  1897. 
Ddaware  Agr.  Exp.  Sta.    Ann.  rept.  10:39-45. 
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1899  Report  of  the  Mycologist.    Contittuatioii  of  the  work  on  the 

treatment  of  apple  scab  upon  the  fann  of  S.  H.  Derby, 
Woodside,  1898.  Ddaware  Agr.  Exp.  Sta.  Ann.  rept. 
11:27-30. 

Spraying  experiments  with  bordeaux.  Tables  show  a  large  gain  in 
yield  through  four  years  of  spraying.  Results  cumulative  by  enabling 
tree  to  produce  vigorous  fruit. 

1900  Report  of  the  Mycologist.    Continuation  of  the  work  on  the 

treatment  of  apple  scab  upon  the  farm  of  S.  H.   Derby, 
Woodside,   1899.      Delaware  Agr.  Exp.  Sta.     Aim.  rept. 
12:36-38. 
Describes  successful  spraying  experiments  ^th  bordeaux  mixture. 

Churchill,  6.  W. 

1891    Apple  and  pear  scab.    New  York  (Geneva)  Agr.  Exp.  Sta. 
Ann.  rept.  9*337-"339- 
Describes  effect  of  Uiis  on  leaves  and  fruit  and  suggests  prevention. 

Claik,  J.  W. 

1891    Spraying  for  the  codling  moth  and  apple  scab.    Missouri  Agr. 
Exp.  Sta.    Bui.  13:6. 
Favorable  results  from  spraying  with  bordeaux  mixture. 

Clintoni  6.  P. 

Z90Z    Apple  scab.    Illinois  Agr.  Exp.  Sta.    Bui.  67 :  109-156. 

Botanical  studies  of  the  fungus.  Studied  perfect  stage*  and  demon- 
strated its  connection  with  Pusidadium  thus  confirming  the  work  of 
European  investigators. 

1904  Diseases  of  plants  cultivated  in  Connecticut.     Connecticut 

Agr.  Exp.  Sta.    Ann.  rept.  27:301-302. 
Brief  description  of  the  disease  and  directions  for  treatment. 

Clinton,  6.  P.,  and  Britten,  W.  E. 

19x0    Tests  of  summer  sprays  on  apples  and  peaches  in  1910.    Con- 
necticut Agr.  Exp.  Sta.    Bienn.  rept.  33-34:584-618. 

Reports  on  experiments  using  bordeaux,  lime-sulfur  solution,  sulfo- 
dde,  one-for-all,  self -boiled  lime-sulfur. 

Close,  C.  P. 

1900    Plant  diseases  and  insect  pests.    Utah  Agr.  Exp.  Sta.    Btd. 
65:67-68. 
Note  on  appearance  of  scab  and  remedy. 

1905  Dust  spraying  in  Delaware.    Delaware  Agr.  Exp.  Sta.    Bui. 

69:1-7. 

Found  hydrated  lime  with  copper  sulfate,  pulverized,  and  paris  green 
successful.    Results  very  promismg. 

Z906    Third  report  on  dust  and  liquid  spraying.     Delaware  Agr. 
Exp.  Sta.    Bui.  76:1-19. 

Dusting  bordeaux  with  arsenicals  versus  spraying.  Scab  entirely 
controlled  by  either  method.     Bitter  rot  not  well  controlled  by  dusting. 

1906  Dust  and  liquid  spraying.     Delaware  Agr.  Exp.  Sta.     BuL 

72:1-23. 
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Cobb,  N.  A. 

1892  Apple  scab.    Agr.  gaz.  N.  S.  Wales  2:216,  492. 

Reports  disease  on  the  increase  and  suggests  use  of  fungicides. 

1893  Apple  scab,  **  Tasmanian  black  spot."    Agr.  gaz.  N.  S.  Wales 

3:276-278. 

Short  botanical  account  of  the  fungus  and  best  fiuigicides  for  pre- 
vention. 

Comes,  O. 

1891    Fusicladiiim    dendriticum   Fckl.      Crittogamia  agraria,    pp. 

394-397. 
Short  account  of  this  fungus. 

Cooke,  M.  C. 

1866    Sphaerella  inaequalis  Cke.    Jotim.  bot.  4:248-249. 

Describes  this  as  a  new  species  and  lists  it  on  apple,  pear,  and  the  like. 
1873    Spilocaea  pomi  Fr.    Grev.  2:64. 

Regards  this  as  fructigenous  condition  of  CUidosporium  dendriticum, 
1877    The  hyphomycetous  fungi  of  the  United  States.    Buflfalo  Soc. 
Nat.  Sd.    Bui.  3:198. 

Lists  Fusicladium  dendriticum  as  occurring  in  the  United  States  on 
apple  leaves  and  fruit. 

1891    Apple  scab.    Grev.  20 : 2  7-2  9. 

Synopsis  of  recent  spraying  experiments  conducted  by  United  States 
Department  of  Agriculture. 

1903  Pests  of  orchard  and  fruit  garden.    Roy.  Hort.  Soc.  [London]. 

Joum.  28:6-8. 

Brief  popular  description  of  disease  and  fungus.    Advises  early  spring 
application  of  iron  sulfate,  followed  by  bordeaux  after  fruit  has  set. 

1904  Apple  and  pear  scab.    Roy.  Hort.  Soc.  [London].    Joum.  29: 

91-92. 

Habit  and  life  history  of  fungus.     Methods  of  control.    Estimate  of 
losses. 

Corbett,  L.  C. 

1900    Fruit  diseases  and  how  to  treat  them.    West  Virginia  Agr.  Exp. 
Sta.    Bui.  66:204-206. 
Gives  characters  of  apple  scab  and  best  preventive  treatment. 
1900    Spraying.    West  Virginia  Agr.  Exp.  Sta.    Bui.  70:354-355. 
Results  of  experiments  showing  that  it  is  best  to  spray  for  scab. 

Cordley,  A.  B. 

1904    Apple  scab.    Oregon  Agr.  Exp.  Sta.    Rept.  16:38-40. 

Spraying  experiments  with  bordeaux  mixture. 
Z908    Lime-sulphur  spray  to  prevent  apple  scab.    Better  fruit 3 : 3 :  26. 
Report  of  Cordley's  first  work  on  apple  scab,  using  lime-sulfur 
solutions. 

1908    The  lime-sulphur  spray  as  a  preventive  of  apple  scab.    Oregon 
agricultiuist  17:178. 
Account  of  Cordley's  first  use  of  lime-sulfur  for  scab. 
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igoS  The  lime-sulphur  spray  as  a  preventive  of  apple  scab.  Rural 
New-Yorker  67 :  202 . 

Reports  successful  experiments  with  lime-sulfur  solution.  Account  of 
writer's  first  experiments  with  same  for  this  purpose. 

1909  Lime-sulphur  spray  preventive  of  apple  scab.  Better  fruit 
3:10:33-35. 

Records  experiments  demonstrating  the  superiority  of  lime-sulfur  over 
bordeaux  mixture  for  scab. 

Cordley,  A.  B.,  and  Jackson,  H.  S. 

zgii     Orchard  spraying.    Oregon  Agr.  Exp.  Sta.    Circ.  13:13-15. 

Directions  for  the  use  of  lime-sulfur  solution. 

Costantin,  J. 

1888    Fusicladiiun.    Les  muc^din^es  simples,  pp.  69-71. 
Gives  figures  and  short  account  of  apple  scab. 

Craigi  John,  and  Van  Hook,  J.  M. 

1902  Pink  rot,  an  attendant  of  apple  scab.  Cornell  Univ.  Agr.  Exp. 
Sta.    Bui.  207:157-171. 

Cephalothecium  roseum  gains  entrance  through  wounds  caused  by  the 
scab  fungus. 

Crandall,  C.  S. 

1906  Sprajring  apples.  Relative  merits  of  liquid  and  dust  applica- 
tions.   Illinois  Agr.  Exp.  Sta.    Bui.  106:205-242. 

An  elaborate  set  of  experiments  comparing  dust  and  liquid  sprajrs  for 
scab. 

1909    Bordeaux  mixture.    Illinois  Agr.  Exp.  Sta.    Bui.  135: 199-296. 

An  extensive  investigation  of  bordeaux  mixture  as  used  for  apple 
scab  and  other  plant  diseases. 

Crawford,  F.  S. 

1886  Report  on  the  Fusicladiimis,  the  codlin  moth,  and  certain 
other  fungus  and  insect  pests  attacking  apple  and  pear 
trees  in  South  Australia.  Part  I.  The  apple  and  pear 
scab  fungi,  pp.  7-31. 

A  popular  discussion  of  the  disease,  estimates  of  losses,  notes  on 
varietal  susceptibility,  and  the  like.  Notes  on  spraying  experiments. 
Suggests  use  of  carbolic  acid  vapor  by  placing  vessels  of  tne  add  in 
the  orchard,  as  was  reported  by  Mr.  Storck  to  successfully  control 
coffee-leaf  disease. 

Cuboni,  6. 

1892  Sulla  forma  ibemante  del  Fusidaditun  dendriticum.  Soc.  Bot, 
Ital.    Bui.  1892:287-288. 

Describes  a  hibernating  condition  or  stroma  found  on  twigs  that 
under  proper  conditions  of  moisture  and  heat  gave  rise  to  the  char- 
acteristic conidia. 
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Cummiiigs,  M.  B. 

1909    Apple  orchard  survey  of  Niagara  county.    Cornell  Univ.  Agr. 
Exp.  Sta.    Bui.  262:277-320. 

Curtis,  M.  A. 

1867    Spilocaea  Pomi  Fr.    North  Carolina  Geol.  and  Nat.  Hist. 
Survey.    Rept.  3:121. 
Lists  fungus  as  common  on  sldn  of  apples. 

I)6tni6rS|  Fi]6da 

1891  Apple  scab.    Ohio  Agr.  Exp.  Sta.    Bui.  4:9: 187-192. 

Short  description  of  apple-scab  fungus  and  its  injury. 

Dickens,  A.,  and  Headlee,  T.  J. 

ZQZZ    Spraying  the  apple  orchard.     Kansas  Agr.  Exp.  Sta.     Btil. 
174:253-292. 
Extensive  spraying  experiments. 
'iQii    Spraying  apples.    Kansas  Agr.  Exp.  Sta.    Circ.  15:1-8. 

Spraying  experiment  comparing  lime-sulfur  and  bordeaux  mixture. 
Lime-sulfur  treatment  recommended  where  blotch  is  not  present. 

Duggar,  B.  M. 

1909    Apple  scab  and  pear  scab.    Fungous  diseases  of  plants,  pp. 
264-271. 

A  brief  account  of  the  disease,  including  life  history,  distribution, 
economic  importance,  varietal  susceptibility,  and  treatment. 

Ellis,  J.  B. 

1892  Dothidea  pomigena  Schw.    The  North  American  Pyrenomy- 

cetes,  p.  605. 

States  after  examination  of  Schweinitz*  specimen  that  this  is  appar- 
ently the  fructigenous  form  of  Fusidadium  dendriticum.  An  examina- 
tion by  Clinton,  however,  shows  this  not  to  be  the  case. 

Bmersoni  R.  A. 

1905    Apple  scab  and  cedar  rust.    Nebraska  Agr.  Exp.  Sta.    Bui. 
88:1-21. 

Results  and  discussion  of  spraying  experiments.  Notes  on  varietal 
susceptibility. 

X907    Spraying  demonstrations  in  Nebraska  apple  orchards.     Ne- 
braska Agr.  Exp.  Sta.    Bui.  98:1-35. 

Spraying  experiments  in  six  Nebraska  apple  orchards.  Notes  on 
cost  and  income. 

Emerson,  R.  A.,  Howard,  R.  F.,  and  Westgate,  V.  V. 

191 X    Spraying  as  an  essential  part  of  profitable  apple  orcharding. 
Nebraska  Agr.  E^p,  Sta.    Bui.  119:1-26. 
Commercial  spraying  experiments. 
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Eriksson,  Jakob 

1885    Bidrag  till  kaennedomen  om  vara  odlade  vaxters  sjukdomar. 

K..Landtbr.  Akad.  Exptlfalt.    Meddd.  1:61. 
z886    Der  schorf  der  obstbaume.    Bot.  centbl.  26:345-347. 

Abstract  of  an  article  published  by  Erikkson  the  jrear  before,  on 
scab  fungus  and  damage  caused  by  it  in  Sweden. 

Z903  Om  frukttradsskorp  och  frukttr&dsmogel  satnt  medlem  till 
dessa  jvikdomars  bekampande  (i.  Apfdradszkorp  Venturia 
dendritica)  och  parontradsskorp  (V.  pinna).  K.  Landtbr. 
Akad.    Handl.  och  Tidskr.  42:53-71. 

Gives  description  of  disease  and  of  fungus,  and  suggests  method  ol 
control. 

xgxz  Die  rote  farbe  der  fruchtschale  und  die  schorfkrankheit  der 
obstsorten.    Zeitsch.  pflanzenkr.  21:129-131. 

Takes  issue  with  Voges,  who  claims  that  red-skinned  apples  are  more 
resistant  to  scab  than  are  green-skinned  ones.  Notes  having  fre- 
quently observed  the  fungus  on  twigs  of  the  current  year's  growth  but 
not  on  older  ones. 

Eustace,  H.  J. 

Z902  A  destructive  apple  rot  following  scab.  New  York  (Geneva) 
Agr.  Exp.  Sta.    Bui.  227:367-389. 

Cephalothecium  roseum  following  scab,  cauang  pink  rot.  Proved  its 
parasitism  by  inoculation. 

X908    Investigations  on  some  fruit  diseases.    New  York  (Geneva) 
Agr.  Exp.  Sta.    Bui.  297:47-48. 
Scab  spots  enlarged  tmder  coating  of  bordeaux  mixture. 

EvanSy  W*  H* 

1893  Apple  scab.    Handb.  exp.  sta.  work  1893:18. 

Short  description  of  scab  and  means  for  its  prevention. 

Ewert,Dr. 

zgzo  Die  uberwintaiing  von  sommerkonidien  pathogener  ascomy- 
ceten  luid  die  widerstandsfahigkeit  derselben  gegen  kalte. 
Zeitsch.  pflanzenkr.  20:138-139. 

Subjected  conidia  of  Fusidadium  pirinum  and  F.  dendriticum  to  low 
temperature  (16®  to  5®)  three  times,  six  hours  each  time.  Spores 
of  the  pear-scab  fungus  retained  their  normal  vitality,  while  but  very 
few  of  the  apple-scab  spores  germinated  after  the  second  freezing. 

Fairchild,  D.  G. 

1892  Treatment  of  apple  scab  at  Brockport.  U.  S.  Agr.  Dept..  V^. 
Path.  Div.    Bui.  3:62. 

Records  negative  results  from  spraying  with  different  fungicides 
because  of  the  absence  of  scab. 

1894  Bordeaux  mixture  as  a  fungicide.     U.  S.  Agr.  Dept.,  Veg. 

Path.  Div.    Bui.  6:43-44. 

Brief  historical  accotmt  of  the  use  of  bordeaux  mixture  for  apple 
scab. 
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Farrand,  T.  A. 

1905  Report  of  South  Haven  sub-station  for  1904.    Michigan  Agr. 

Exp.  Sta.    Spec.  bul.  30:474-475. 
Dust  sprays  inferior  to  liquid. 

Faurot,  F.  W. 

1903    Repoi-t  on  fungous  diseases  on  cultivated  fruits.     Missouri 
Fruit  Sta.    Bul.  6:4. 
Brief  note  on  apple  scab. 

1906  Demonstration  sprajring  for  bitter  rot  and  codling  moth. 

Missoiui  Fruit  Sta.    Bul.  15:16. 

Note  on  apple  scab  and  combination  treatment  for  scab,  bitter  rot, 
and  codling  moth. 

1908  Spraying  veimis  dusting.    Missouri  Fruit  Sta.    Bul.  19:1-24. 

Dusting  was  not  effective. 

Fischer,  F. 

1909  tJber  die  bekSmpfung  des  Fusicladium.    Zeitsch.  pflanzenkr. 

19:432-434- 

Considers  infection  occurs  through  wounds  in  epidermis.  Advises 
first  application  of  bordeaux  before  leaves  open.  Notes  on  infection 
and  vanetal  susceptibility. 

Frank,  A.  B. 

1880    Fusicladium  dendriticum  Fcld.    Die  krankheiten  der  pflanzen, 

pp.  587-589. 
Short  description  of  this  fungus. 

Fries,  EUas 

1819    Spilocaea  Pomi  Fr.    Nov.  fl.  Suec.  5:79. 

Names  this  fungus  here  for  the  first  time  rather  than  in  Syst  Myc. 
1825    Spilocaea.    Syst.  orb.  veg.  1:198. 

Describes  this  genus  and  gives  host  as  living  apple. 
1829    Spilocaea  epiphylla.    Syst.  myc.  3  •504. 

Describes  a  fungus  on  leaves  from  Prance  that  to  all  appearance  is 
leaf  form  of  apple  (and  pear?)  scab. 

1829    Spilocaea  Pomi.    Syst.  myc.  3:504. 

Describes  the  form  of  apple  scab  found  on  the  fruit. 

Fockel,  L. 

1869    Fusicladium  dendriticum  (Wllr.).    Symb.  myc,  p.  357. 
Renames  Cladosporium  dendriticum  (Wallr.)  as  above. 

Funk,  J.  H. 

19x0    Spraying,  the  sheet-anchor  of  success.     Pennsylvania  State 
Agr.  Dept.    Bu).  197:85-94. 
Practical  directions  for  spraying  apple  orchards. 
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Galloway,  B.  T. 

1887    Diseases  of  the  apple  caused  by  fungi.    Missouri  State  Hort. 
Soc.    Ann.  rept.  29:297-299. 
Discusses  scab  and  the  use  of  the  fungicides  then  known. 

1889  Apple  scab.    U.  S.  Agr.  Dept*    Ann.  rept.  1889:405-412. 

Reports  on  spraying  experiments  conducted  under  the  wrher's 
direction  by  Goflf  and  Taf  t. 

1890  Notes  on  the  fimgus  of  apple  scab.    Michigan  Agr.  Exp.  Sta. 

Bui.  59:28-29. 
Brief  description  of  the  fungus. 

1892  Treatment  of  apple,  pear,  peach,  plum,  cherry,  and  quince 

diseases  in  the  orchard.      U.  S.  Agr.  Dept.     Ann.  rept. 
1891:362-364. 

Brief  description  of  srraying  experiments  conducted  under  the  writer's 
direction  by  Goff ,  bordeaux  mixture  proving  more  efficient  than  copper 
carbonate. 

Z892    Experiments  in  the  treatment  of  apple  scab  in  Wisconsin. 
U.  S.  Agr.  Dept.,  Veg.  Path,  Div.    Bui.  3:31-36. 
Reports  more  fully  experiments  of  Goff  in  1891. 

Galloway,  B.  T.,  and  Souihwortbi  E.  A. 

1889  Treatment  of  apple  scab.    Joum.  myc.  5:210-214. 

Results  of  spraying  experiments  conducted  in  Wisconsin  and  Michigan 
with  six  fimgicides,  of  which  eau  celeste  and  ammoniacal  solution  of 
copper  carbcmate  were  the  most  effective. 

Gannany  H. 

1890  The  apple  scab  fungus.     Kentucky  Agr.  Exp.  Sta.   Ann.  rept. 

2:46-49. 
Description  of  ftmgus  and  discus^on  of  fungicides. 

1893  Bordeaux  mixture  for  apple  pests.    Kentucky  Agr.  Exp.  Sta. 

Bui.  44:25-26. 

Favorable  results  from  spraying  with  bordeaux  mixture  for  apple 
scab. 

1894  Apple-scab.    Kentucky  Agr.  Exp.  Sta.     Ann.  rept.  6:53-54. 

Very  favorable  results  from  spraying  a  Janet  apple  tree  with  bordeaux 
mixture. 

1908    Apple  orchard  pests  in  Kentucky.    Kentucky  Agr.  Exp.  Sta. 
Bui.  133:66,  70-71. 

Advises  spraying  before  leaves  expand,  in  bad  cases.  Note  on  bor- 
deaux and  bordeaux  dust. 

Goeihe,  R. 

1887    Weitere  beobachtungen  uber  den  apfd  und  bimenrost.    Gar- 
tenflora  36 :  293-299. 

Notes  the  relationship  of  Fusidadium  stage  <^  scab  on  apples  and 
pears  to  mature  stage  on  the  dead  leaves. 


Digitized 


by  Google 


Scab  Disease  op  Apples  605 

x888    Zur  bektoxpfting  des  apfelrostes.    Gartenflora  37:263. 

Treats  of  the  use  and  strength  of  bordeaux  mixture  as  fungicide  for 
apple  scab. 

1889    Zur  bekampfung  des  apfekostes.    Gartenflora  38:241. 

Notes  that  scab  developed  on  apples  in  storage.  Suggests  the  use 
of  sulfur  in  the  storeroom. 

GoflF,  E.  S. 

1886    An  experiment  for  the  prevention  of  apple  scab.    New  York 
(Geneva)  Agr.  Exp.  Sta.    Ann.  rept.  4:260.    • 

Favorable  results  from  spraying  a  crab-apple  tree  with  hyposulfite 
of  soda. 

x888    Applications  for  the  prevention  of  apple  scab.     New  York 
(Geneva)  Agr.  Exp.  Sta.    Ann.  rept.  6:99-101. 

Very  beneficial  results  from  spraying  parts  of  a  crab-apple  and  a 
pear  tree. 

1889  Experiments  in  the  treatment  of  gooseberry  mildew  and  apple 

scab.    Joum.  myc.  5* 35-37- 
Results  of  spraying  against  apple  scab  with  several  fungicides. 

1890  Treatment  of  apple  scab.    Joum.  myc.  6:19-21. 

Recommends  the  use  of  ammoniacal  solution  of  copper  carbonate. 
1890    Report  on  the  treatment  of  apple  scab.     U.  S.  Agr.  Dept., 
Veg.  Path.  Div.    Bui.  11:22-28. 

Results  of  spraying  with  different  fungicides,  of  which  anmioniacal 
copper  carbonate  proved  the  most  effective. 

1890  Prevention  of  apple  scab.     Wisconsin  Agr.  Exp.  Sta.    Bui. 

23:1-11. 

Description  of  scab,  and  results  of  spraying  experiments  under  the 
direction  of  the  United  States  Department  of  Agriculture,  recommend- 
ing anmioniacal  solution  of  copper  carbonate. 

1891  Experiment  in  the  treatment  of  apple  scab.     Joum.  myc.  7: 

17-22. 

Reports  favorably  on  ammoniacal  solution  of  copper  carbonate  and 
ammoniacal  copper  sulfate. 

1893    Experiment  in  the  treatment  of  apple  scab.     Wisconsin  Agr. 
Exp.  Sta.    Ann.  rept.  8:160-161. 
Summarizes  restilts  of  spraying  experiments  conducted  in  1890. 
1893    Preventive  treatment  for  apple  scab,  etc.     Wisconsin  Agr. 
Exp.  Sta.    Bui.  34:1-13. 
Recommends  bordeaux  mixture. 

1893  Experimental  treatment  for  apple  scab.    Wisconsin  Agr.  Exp. 

Sta.    Ann.  rept.  9:264,  270-271. 

Summarizes  the  results  of  spraying  experiments  conducted  in  Wis- 
consin. 

1894  The  apple  scab  and  its  prevention.    Wisconsin  Agr.  Exp.  Sta. 

Ann.  rept.  10:228-240. 

Gives  note  on  scab  and  results  of  spraying  experiments  conducted 
during  several  years,  especially  those  ot  1892.  Recommends  bordeaux 
mixture. 
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Gossardy  H.  A. 

1908    Spraying  apples.    Ohio  Agr.  Exp.  Sta.    Bid.  191:103-125. 

Concludes  that  "  orchards  sprayed  with  lime-sulfur  wash  in  winter 
do  not  need  treatment  with  bordeaux  mixture  before  blossoming,  unless 
this  ingredient  is  omitted  from  the  spray  applied  just  after  bloom- 
ing." 

Z909    Apple  Spraying  in  1908.    Ohio  Agr.  Exp.  Sta.    Circ.  95 : 1-8. 

When  lead  arsenate  alone  was  used  for  the  first  application,  Wine- 
saps  fell  almost  as  soon  as  set,  due  to  scab  disease. 

zgzz    Commercial  apple  orcharding  in  Ohio.    Ohio  Agr.  Exp.  Sta. 
Circ.  112:1-15. 
Reports  successful  control  with  lime-sulfur  solution. 

Green,  W.  J. 

zSqz    The  spraying  of  orchards,     (i)  Spraying  to  prevent  apple 
scab.    Ohio  Agr.  Exp.  Sta.    Bui.  4:9:193-212. 
Records  extensive  spraying  experiments. 
Z898    Fruit  notes.    Ohio  State  Hort.  Soc.    Ann.  rept.  31:11-12. 

Shows  very  beneficial  results  from  spraying  with  bordeaux  mixture 
for  the  control  of  scab. 

Green,  W.  J.,  Selby,  A.  D.,  and  Gossard,  H.  A. 

191Z     Orchard  spraying  suggestions  for  1911.    Ohio  Agr.  Exp.  Sta. 
Circ.  109:1-3. 
Brief  directions  for  spraying. 

Halsted,  B.  D. 

Z894    Decays  of  mature  apples.    New  Jersey  Agr.  Exp.  Sta.    Ann. 
rept.  Z4:369-37o. 
Brief  note  on  appearance  of  apple  scab. 
Z895    Some  of  the  more  injurious  fungi  to  fruits  in  1894.     New 
Jersey  Agr.  Exp.  Sta.    Ann.  rept.  Z5:324. 
Notes  scab  as  abundant  in  New  Jersey. 

Hamilton,  J. 

Z903    Black  spot.    Queensland  agr.  joum.  Z3:555. 

Reports  good  results  with  the  following  formula:  copper  sulfate  4 
pounds,  alum  2  pounds,  lime  3  pounds,  water  50  gallons. 

Harvey,  F.  L. 

Z889    Apple  scab  or  black  spot.     Maine  Agr.  Exp.  Sta.    Ann.  rept. 
z888: 149-15 1. 
Short  account  of  apple  scab  and  means  of  prevention  by  spraying. 
Z890    Apple  scab.     Maine  Agr.  Exp.  Sta.    Ann.  rept.  Z889: 182-184. 
Notes  on  spraying  experiments  conducted  by  the  United  States 
Department  ot  Agricmlture. 

Hatch,  A.  L. 

Z89Z    Experiments  in  treating  apple  scab.    Joum.  myc.  7:26. 

Speaks  of  necessity  of  early  spraying  and  suggests  more  dilute  solu- 
tsons  than  were  then  used. 
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Hendereoiiy  L.  F* 

1899    Apple  scab  in  the  Potlatch.    Idaho  Agr.  Exp.  Sta.    Bui.  20: 

77-95- 
Favorable  results  from  the  use  of  bordeaux  mixture. 

Z904    Some  experiments  with  ftmgus  diseases  in  1903.    Idaho  Agr. 
Exp.  Sta.    Bui.  39:263-271. 
Spraying  experiments  reported. 
Z906    Incomplete  experiments  for   1905.     Idaho  Agr.   Exp.   Sta. 
Rept.  1905:14-16. 
Spraying  experiments  reported. 
1907    Mixed  sprays  for  apple  scab  and  codling  moth.    Idaho  Agr. 
Exp.  Sta.    Bui.  55:1-27. 
Includes  studies  concerning  times  for  application  of  spray. 

Hoffnuuiy  H* 

1863    Cladosporium  dendriticum.    Index  fungorum,  p.  37. 
Gives  references  to  scab  under  this  name. 

Hoskins,  T.  H. 

1892    Orchard  spraying.    Garden  and  forest  5:370-371. 

Speaks  of  need  of  selection  in  order  to  obtain  a  more  hardy  variety 
of  apple,  resistant  to  scab. 

Huber,  Earl 

Z908    Fusidadium-bekSmpfung  durch  kupperkalkbruhe  oder  karbo- 
linetmi.    Deut.  obstbaume  ztg.  1908:382-387. 
Pound  carbolineum  much  inferior  to  bordeaux  for  controlling  scab. 

Jackson,  H.  S. 

1913    Apple  diseases.    Oregon  Agr.  Exp.  Sta.    Bienn.  crop-pest  and 
hort.  rept.  1911-1912:238-241. 

Janris,  C.  D. 

191  z    Apple  growing  in  New  England.    Connecticut  (Storrs)  Agr. 
Exp.  Sta.    Bui.  66:256-261. 

Advises  caution  in  the  use  of  lime-sulfur  for  scab;  tested  on  suscep- 
tible varieties  such  as  Pall  Pippin  and  Pameuse.  Directions  for  treat- 
ment. 

Johnstoni  T.  Hanrey 

19x0    Notes  on  some  plant  diseases.    (C.  A  scab  on  apples.)    Agr. 
gaz.  N.  S.  Wales  21:563-566. 

The  author  refers  to  a  scab  due  to  Coniothecium  chromtUosporum, 
The  accompanying  illustration  shows  typical  frost-banding. 

JoneSi  L.  R. 

1892    The  prevention  of  apple  and  pear  scab  by  spraying.    Vermont 
Agr.  Exp.  Sta.    Ann.  rept.  5:132-133. 

Reports  somewhat  favorable  results  from  spraying  Greening  apples 
with  bordeaux  mixture  and  ammoniacal  copper  carbonate. 
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1892  Plant  diseases.    Vermont  Agr.  Exp.  Sta.    Bui.  28:30-34. 

Reports  strong  bordeaux  mixture  more  effective  than  ammoniacal 
solution  of  copper  carbonate,  but  injuring  the  foliage  somewhat. 

1893  Apple  scab.    Vermont  Agr.  Exp.  Sta.    Ann.  rept.  6:82-83. 

States  that  spraying  experiments  were  failures,  due  to  excessive  rains. 
1895    Spraying  orchards  and  potato  fields.     Vermont  Agr.   Exp. 
Sta.    Bui.  44:83-93. 

Describes  scab  and  gives  favorable  results  from  spraying  with  bor- 
deaux mixture. 

Jones,  L.  R.,  and  Morse,  W.  J. 

Z902  Scabbing  and  russeting  of  apples  in  1902.  Vermont  Agr. 
Exp.  Sta.    Ann.  rept.  15:230-231. 

Wet  season  of  1902  gave  serious  scab  infection  and  induced  much 
russeting  of  fruit  and  some  spotting  of  foliage. 

1903  Occurrence  of  plant  diseases  in  Vermont  in  1903.  Vermont 
Agr.    Exp.  Sta.    Ann.  rept.  16:154. 

Practically  no  loss  from  scab.  Early  season  very  dry,  followed  by 
rainy  season. 

Jones,  L.  R.,  and  Orton,  W.  A. 

1898  Spraying  for  the  prevention  of  apple  scab  in  1897.    Vermont 

Agr.  Exp.  Sta.    Ann.  rept.  11:195-198. 

Report  very  favorable  results  from  spraying  with  bordeaux  mixture, 
and  show  that  sprayed  trees  hold  fruit  better  than  do  unsprayed  trees. 

1899  Spraying  for  the  prevention  of  apple  scab.     Vermont  Agr. 

Exp.  Sta.    Ann.  rept.  12:156-159. 
Favorable  results  from  the  use  of  bordeaux  mixture. 

Keffer,  C.  A. 

1894  Sprajring  apple  trees.    Missouri  Agr.  Exp.  Sta.    Bui.  27 : 1-24. 

As  result  of  ntunerous  experiments,  bordeaux  mixture  reported  as 
largely  preventing  apple  scab. 

E[inney,  L.  F. 

1892    The  use  of  ftmgicide?  in  the  treatment  of  the  apple  scab. 
Rhode  Island  Agr.  Exp.  Sta.    Bui.  15:21-22. 
Quotes  from  Green  as  to  methods  and  results  of  spraying. 

1895  The  scab  of  the  apple  and  pear.    Rhode  Island  Agr.  Exp.  Sta. 

Ann.  rept.  7:185-187. 
Brief  report  on  nature  of  scab. 

Kirk,  T.  W.,  and  Cockayne,  A.  H. 

1908  Plant  pathology.  Apple  scab  (Fusicladiimi  dendriticimi)  and 
apple  Coniotheciiun  (C.  chromatosponun).  New  Zealand 
Agr.  Dept.    Ann.  rept.  16:110-111. 

Notes  on  apple  scab  and  a  disease  often  confused  with  it.  said  by 
the  authors  to  be  caused  by  Conioiheciutn  chromatosporum.  The  latter 
is  illustrated,  and  is  apparently  identical  with  russeting  of  fruit  as 
causcKl  by  bordeaux  mixture  or  weather  conditions. 
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Kock,  6. 

191 1    Schorf,  Monilia,  und  weissfleddgkeit  auf  verschiedenen  obst- 
sorten.    Oesterr.  Landw.  Versuchsw.    Zeitsch.  14:209-213. 
Varieties  resistant  and  varieties  susceptible  to  scab. 

Lamson,  H.  H. 

189a    Spraying  against  pear  and  apple  scab.    New  Hampshire  Agr. 
Exp.  Sta.    Ann.  rept.  3-4:217-218,  238-239. 

Gives  short  description  of  scab  and  reports  favorable  results  from 
spraying  with  bordeaux  mixture  and  ammoniacal  solution  of  copper 
carbonate. 

1894  Some  fungus  diseases  of  plants  and  their  treatment.     New 

Hampslure  Agr.  Exp.  Sta.    B\il.  19:7-11. 

Describes  scab  and  gives  favorable  results  from  spraying  with  bor- 
deaux mixture. 

1895  Spraying  experiments  in  1894.     New  Hampshire  Agr.  Exp. 

Sta.    Bui.  27:5-7. 
Favorable  r^ults  from  use  of  bord^ux  mixture. 

1903  Fungous  diseases  and  spraying.    New  Hampshire  Agr.  Exp. 

Sta.    Btil.  101:59-60. 

Brief  description  of  disease  and  directions  for  spraying.  Notes  on 
susceptibility. 

Lawrence,  W.  H. 

1904  The  apple  scab  in  western  Washington.    Washington  Agr.  Exp. 

Sta.    Bui.  64:1-24.      • 

Description  of  fungus.  Notes  on  twig  infection  and  wintering  over 
of  conidia.  Also  production  of  conidia  from  mycelium  in  dead  leaves. 
Distribution,  varietal  susceptibility.  Inoculation  experiments  not  suc- 
cessful.   Spraying  experiments. 

1906    Apple  scab  in  eastern  Washington.    Washington  Agr.  Exp. 
Sta.    Btil.  75:1-14. 
Liquid  bordeaux  versus  dust. 
X907    Some  important  plant  diseases  of  Washington.    Washington 
Agr.  Exp.  Sta.    Bui.  83:25-28. 
Popular  description  and  methods  of  control. 

Unk,  H.  F. 

1825    Spilocaea  Pomi.    Species  plantarum,  Linn^,  6:2:86-87. 
Description  of  the  f ructigenous  form  of  apple  scab. 

Uoyd,  J.  W. 

X907    Spraying  for  the  codling  moth.    lUinois  Agr.  Exp.  Sta.    Bui. 
114:377-429. 
Investigations  on  combined  spraying  for  scab  and  codling  moth. 

Lochhead,  William 

1903    Some  injurious  insects  and  ftmgous  diseases  of  the  year  1902. 
Ontario  Agr.  Col.  and  Exp.  Farm     Ann.  rept.  28:26. 
Brief  note  on  prevalence  of  scab  and  directions  for  spraying. 
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1905    Insects  and  fungus  diseases.     Ontario  Agr.  Col.  and  Exp. 
Farm.    Ann.  rept.  30:43. 
Key  to  the  fungous  diseases  of  the  apple. 
1909    Three  important  fungous  diseases  of  the  orchard.     Quebec 
Society  for  the  Protection  of  Plants  from  Insects  and  Fun- 
,  gous  Diseases.    Ann.  rept.  1:53-55. 

Popular  description  of  disease  and  fungus. 

Lodemani  E.  G. 

1892  Spraying  apple  orchards  in  a  wet  season.    Cornell  Univ.  Agr. 

Exp.  Sta.    Bui.  48:357-393- 

Gives  results  of  spraying  with  bordeaux  mixture,  a  table  of  varieties 
showing  their  susceptibility  to  scab,  and  the  chemistry  of  bordeaux 
mixture. 

1893  The  spraying  of  orchards.    Cornell  Univ.  Agr.  Exp.  Sta.    Bui. 

60:265-286. 

Results  of  spraying  experiments  against  apple  scab. 
1895    The  spraying  of  orchards.    Cornell  Univ.  Agr.  Exp.  Sta.    Bui. 
86:101-125. 

Gives  suggestions  concerning  and  results  of  spraying  apples,  chiefly 
against  scab. 

Lounsbury,  C.  P. 

1905    Fusidadium  of  the  apple  and  pear.     Cape  Good  Hope  agr. 
joum.  27:169-174. 

Notes  on  distribution  and  injury  in .  Australia  and  South  Africa. 
Author  thinks  disease  was  introduced  by  nursery  stock;  possibly  by 
diseased  apples,  but  not  so  likely.  Author  thinks  disease  is  carried 
over  mostly  on  twigs.    Old  leaves  not  important. 

1908    The  Fusidadium  disease  of  the  pear  and  apple.    Cape  Good 
Hope  agr.  joum.  33:16-32. 

Conditions  favoring  disease  and  effect  on  host  are  described.  Author 
notes  that  apple  scab  has  a  much  more  limited  distribution  in  South 
Africa  than  has  pear  scab.  Notes  burning  of  foliage  by  tise  of  copper 
soda  spray. 

Lovett,  A.  L. 

191 1    Spray  calendar.    Oklahoma  Agr.  Exp.  Sta.    B\il.  92 : 1-16. 

Directions  for  spraying. 

McAlpine,  D. 

1902    Experiments  in  the  treatment  of  black  spot  c^  the  apple  and 
pear.    Victoria  Agr.  Dept.    Joum.  1:620-630. 
Tests  of  bordeaux  with  addition  of  several  other  substances. 
1902    The  ftmgus  causing  black  spot  of  the  apple  and  pear.    Victoria 
Agr.  Dept.    Joum.  1:703-708. 

First  observation,  and  history,  of  scab  in  Australia.  Life  history 
of  fungus,  symptoms  of  disease,  and  varietal  susceptibility  are  discussed 
briefly. 
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1902    Report  of  the  Vegetable  Pathologist.     Victoria  Agr.  Dept. 
Joum.  1:803-804. 
Notes  on  spraying  for  control  of  black  spot  of  apples  and  pears. 
1902    Experiments  in  the  treatment  of  apple  and  pear  scab  during 
1901-1902.    Victoria  Agr.  Dept.    100111.1:525-528. 

Results  of  spraying  experiments,  and  notes  on  varietal  suscep- 
tibility. 

1902  Spraying  experiments  in  1901-1902  for  black  spot.     Victoria 

Agr.  Dept.    Jotim.  1:432. 

A  preliminary  report  on  the  spraying  experiments  for  the  seasons 
1901  and  1902. 

1903  Report  of  the  Vegetable  Pathologist.    Black  spot  of  apple  and 

pear.     Victoria  Agr.  Dept.    Joum.  2:250-251. 

Tests  of  various  combinations  of  bordeaux  with  other  substances 
used  on  apple  and  pear.  Some  experiments  are  reported  more  briefly 
in  Bulletin  17  of  the  department. 

1903  Spraying  for  black  spot  of  the  apple.     Victoria  Agr.  Dept. 

Joum.  2:354-360. 

Addition  of  common  salt  slightly  increased  the  efficiency  of  bordeaux, 
but  McAlpine  considers  it  not  necessary.  Spraying  in  bloom  apparently 
did  not  prevent  setting  of  fruit,  but  Uie  author  thinks  it  advisable  to 
spray  earlier. 

1904  Black  spot  of  the  apple.    Victoria  Agr.  Dept.    Bui.  17:1-32. 

Appearance  of  scab  in  Australia.  Varietal  susceptibility,  and  symp- 
toms of  attack.  Losses.  Conditions  favoring  disease.  Spraying 
experiments. 

1907    Experiments  with  black  spot  of  apple.    Victoria  Agr.  Dept. 
Joum.  5-362-363. 

Compared  bordeaux  with  several  proprietary  sheep  dips,  and  with 
phenyl,  carbolic  add,  and  the  like.  None  of  the  latter  gave  good  results. 

Z910    Report  of  the  Vegetable  Pathologist.     Victoria  Agr.  Dept. 
Rept.  1907-1910:47-48. 

Experiments  with  lime-water  bordeaux. 

McCarthy,  Gerald 

1891     Plant  diseases  and  how  to  combat  them.     North  Carolina 
Agr.  Exp.  Sta.    Bui.  76:15. 
Short  note  on  scab  and  means  for  prevention. 

M'Coimack,  B.  F. 

Z910    Apple  scab  (Venturta  pomi).     Indiana  State  Entomologist. 
Ami.  rept.  3:145-147. 
Popular  description  of  disease  and  directions  for  control.  « 

McCready,  S.  B. 

191 1     Sprajring  for  apple  scab.    Ontario  Agr.  Col.  and  Exp.  Farm 
Ann.  rept.  36:42. 

Macoim,  W.  T. 

Z901    Apple  culture.   Canadian  Agr.  Dept.,  Cent.  Exp.  Farm.    Bui. 
37:67-68. 
Notes  this  fungus  as  being  very  troublesome  during  recent  years. 
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1902    Spraying.    Canadian  Exp.  Farms.    Rept.  1901:109. 

Notes  on  spraying  apples  for  scab. 

Z903    Spraying.    Canadian  Exp.  Fanns.    Rept.  1902 :  i  lo-i  1 1 . 

Notes  loss  due  to  omission  of  late  spraying.  Note  on  bordeaux 
russeting  of  apples. 

Malley,  C.  W. 

1909    Spraying  for  apple  scab  or  black  spot.    Cape  Good  Hope  agr. 
joum.  35:202-211. 

Spraying  experiments.  At  least  half  the  fruit  dropped  from  unsprayed 
trees.  Third  spraying  caused  some  injury.  Bordeaux  injury  found 
to  occur  as  seriously  when  a  small  quantity  of  copper  sulfate  was  used 
as  when  the  quantity  was  large.  A  few  trees  were  sprayed  while  in 
blossom  and  most  of  the  blossoms  were  killed. 

Marchal,  B. 

1907    Les  principaux  maladies  du  ponunier.    Brussels  agr.  b\il.  23: 

56-58. 
Short  description  of  disease  and  directions  for  treatment. 

1907    Rapport  sur  les  observations  effectives  par  le  service  patho- 
logique  de  Tlnstitute  Agricole  de  TEtat  en  1906.    Brussels 
agr.  bul.  23:41. 
Reports  occurrence  of  apple  scab. 

Marlatt,  C.  L.,  and  Ortoni  W.  A. 

1906  The  control  of  the  codling  moth  and  apple  scab.     U.  S.  Agr. 

Dept.    Farmers'  bul.  247:1 2-2 1 . 
Discussion  of  the  disease  and  methods  of  control. 

Massee,  G. 

1899  Apple  scab.    A  text-book  of  plant  diseases,  pp.  302-304,  435. 

Short  botanical  description  of  this  fungus,  together  with  preventive 
measures. 

1907  Apple  scab.    A  text-book  of  plant  diseases,  pp.  302-304. 

Brief  description  of  disease,  giving  authorized  methods  of  control. 

Massey,  W.  F. 

1893    The  culture  of  orchard  and  garden  fruits.     North  Carolina 
Agr.  Exp.  Sta.    Bul.  92:87-88. 

General  information  concerning  scab,  and  list  of  varieties  most  and 
least  liable  to  attack. 

1900  The  diseases  and  insects  aff ectii^  apple  trees  in  North  Carolina, 

with  suggestions  for  their   destruction.     North    Carolip^ 
State  Bd.  Agr.    Bul.  21:28-39.  _■     ' 

Discussion  of  treatment  for  apple  diseases  in  general. 

Maynard,  S.  T. 

189Z    Fungicides  and  insecticides  on  the  apple,  pear,  and   plum. 
Massachusetts  (Hatch)  Agr.  Exp.  Sta.    Bul.  11:12-16. 

Reports  various  spraying  experiments,  which  were  not  very  1 
ful  in  preventing  apple  scab. 
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Mohr,  Karl 

zgoo  Bericht  uber  die  im  sommer  1899  angestdlten  versuche  behufs 
bektoipftmg  pflanzlicher  schmarotzer  auf  reben  und  keraobst. 
Zeitsch.  pflanzenkr.  10:270-274. 

Reports  the  use  of  basic  calcium  sulfid  as  a  summer  spray  for  apple 
and  pear  scab  and  for  grape  mildews. 

X90Z  Versuche  uber  die  pilztotenden  eigenschaften  des  sulfurins. 
Zeitsch.  pflanzenkr.  11:98-99. 

Reports  successful  use  of  sulfurin  (chemically  calcium  polysulfid) 
for  apple  and  pear  scab  and  also  for  several  other  fungous  diseases. 

Morris,  O.  M.,  and  Nicholson,  J.  F. 

1908    Ordiard  spraying.    Oklahoma  Agr.  Exp.  Sta.    Bui.  76:27-28. 
Brief  account  of  apple  scab. 

Morse,  W«  J. 

1910  Notes  on  plant  diseases  in  1908.  Maine  Agr.  Exp.  Sta.  Bui. 
164:1-28. 

Notes  on  self-boiled  lime-sulfur  as  a  substitute  for  bordeaux  mixture 
for  apple  scab.    Notes  on  late  infection. 

Morse,  W.  J.,  and  Lewis,  C.  B. 

19x1  Maine  apple  diseases.  Maine  Agr.  Exp.  Sta.  Bui.  185:352- 
355»  390. 

Description  of  the  disease  and  notes  on  the  life  history  of  the 
fungus.    Storage  infection  noted. 

Munson,  W.  M. 

189a  Spraying  experiments.  Maine  Agr.  Exp.  Sta.  Ann.  rept. 
1891:110-118. 

Account  of  scab  and  results  of  favorable  spraying  experiments  with 
eau  celeste  and  ammoniacal  solution  of  copper  carbonate. 

1892    Spraying  experiments.      Maine  Agr.  Exp.  Sta.    Ann.  rept. 
1892:92-98. 
Favorable  results  from  spraying  with  eau  celeste  against  scab. 
X894    Notes  of  spraying  experiments.    Maine  Agr.  Exp.  Sta.    Ann. 
rept.  1893:124-128. 
Favorable  results  from  spraying  with  bordeaux  against  scab. 
X903    Experiments  in  orchard  culture.    Maine  Agr.  Exp.  Sta.    Bui. 
89:16-18. 

The  use  of  an  excess  of  potash  as  fertilizer  did  not  ward  off  attacks 
of  scab. 

Z905    Sunmiary  of  experiments  in  practical  horticulture.    Maine  Agr. 
Exp.  Sta.    Bui.  113:26-27. 
Ammoniacal  copper  carbonate  was  less  satisfactory  than  bordeaux. 
Z906    Orchard  notes.    Maine  Agr.  Exp.  Sta.    Bui.  128:69-71. 

Notes  on  and  directions  for  spraying  for  scab.    Notes  on  pink  rot 
following  scab. 
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1908  Orchard  notes,  1907.    Maine  Agr.  Exp.  Sta.    Bui.  155:143. 

Notes  on  spraying  for  scab,  and  directions  for  same. 

1909  Apple  enemies  and  how  to  fight  them.    West  Virginia  Agr. 

Exp.  Sta.    Bui.  121:353-366. 
General  directions  for  spraying  apple  trees. 

Niessly  G.  von 

1881     Didymosphseria  inaequalis  (Cke.)  Nsd.    Pui^.   Eur.,   Raben- 
horst,  no.  2663. 
Changes  to  above  name  from  SpJutrella  inaqualis  Cke. 
1898    Bemerkung  uber  **  Venturia  "  inaequalis  (Cooke)  und  verwandte 
f ormen.    Hedw.  beiblatt  37:1-2. 

Criticises  Aderhold  for  placing  above  species  under  genus  Venturia 
because  of  presence  of  bristles  around  ostiolum. 

Norton,  J.  B.  S.,  and  Normani  A.  J. 

1910  ControUing  fungous  diseases.    Maryland  Agr.  Exp.  Sta.    Bid. 

143-177-187,  200. 

Compares  self-boiled  lime-sulfur,  bordeaux,  and  sulfodde.     Finds 
bordeaux  the  most  satisfactory  of  the  three. 

Norton,  J.  B.  S.,  and  Symons,  T.  B. 

1907    Control  of  insect  pests  and  diseases  of  Maryland  crops.     Mary- 
land Agr.  Exp.  Sta.    Bui.  115:176-177. 

Contains  alphabetical  list  of  cultivated  crops,  with  notes  on  their 
pests  and  diseases  including  apple  scab. 

Paddock,  Wendell 

1901     Plant  diseases  of  1901.    Colorado  Agr.  Exp.  Sta.    Bui.  69:9. 
Note  on  bordeaux  injury.    Serious  on  Ben  Davis  apples. 

Pammel,  L.  H. 

1885    Apple  scab  and  leaf  blight.    Prairie  farmer  57:746. 

Gives  abstract  of  article  by  Trelease. 
1891    Treatment  of  fungus  diseases.    Iowa  Agr.  Exp.  Sta.     Bui. 
13:48-49. 
Gives  copper  carbonate  as  fungicide  for  this  disease. 

Peck,  C.  H. 

1873    Spilocaea  Pomi  Pr.    New  York  State  Cabinet  Nat.    Hist. 
Rept.  23255. 
Reports  scab  common  on  apples  in  New  York  in  1869. 
x88i    Pusidaditmi  dendriticum  Wallr.    New  York  State  Mus.  Nat. 
Hist.    Rept.  34-32-33* 

Gives  short  account  of  above,  including  with  it  forms  on  pear  and 
other  hosts. 

Persoon,  C.  H. 

182a    Fumago  Mali.    Myc.  Eur.  2:9. 

Brief  description  of  above  fungus,  which  may  possibly  be  apple 
scab. 
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Pickett,  B.  S. 

1908    Spraying  apple  orchards  for  insects  and  ftingi.    Illinois  Agr. 
Exp.  Sta.    Circ.  120:1-36. 
General  directions  for  spraying,  with  spray  calendar. 

Piper,  C.  V. 

1893  Common  fungous  diseases  and  methods  of  prevention.    Wash- 

ington Agr.  Exp.  Sta.    Bui.  8: 138. 
Writes  briefly  about  apple  scab  and  its  prevention  by  spraying. 
1902    Orchard  enemies  in  the  Pacific  Northwest.    U.  S.  Agr.  Dept. 
Farmers'  bid.  1 53  •33-34- 

Notes  on  distribution  of  apple  scab  in  the  Northwest,  description, 
and  directions  for  treatment. 

Powell,  G.  H. 

1894  The  apple-scab.    Garden  and  forest  7: 297. 

List  of  varieties  most  and  least  affected  by  scab,  as  determined  at 
Cornell  University  Horticultural  Experiment  Station. 

Quaintance,  A.  L.,  and  Scott,  W.  M. 

191 2  The  more  important  insect  and  fungous  enemies  of  the  fruit  and 
foliage  of  the  apple.  U.  S.  Agr.  Dept.  Farmers'  bul. 
492 :  23-26. 

Quinn,  G. 

1907  Seasonable  notes  on  some  orchard  pests.  South  Aw:tra]ia 
Agr.  Dept.    Joum.  10:14. 

Brief  notes  on  apple  scab.    Directions  for  spraying. 

Reddick,  D. 

X913    The  apple  scab  situation.    West.  New  York  Hort.  Soc.     Proc. 

58:86-90. 
19x3    Factors  influencing  successful  orchard  spraying.     New  York 
State  Fruit  Growers*  Assoc.     Proc.  12:51-54. 

Roberts,  J.  W. 

191 1  The  dilute  lime-sulphur  sprays  versus  bordeaux  mixtures  for 
apple  diseases.  Is  bordeaux  to  be  abandoned?  Indiana 
Hort.  Soc.    Trans.  1910:82-93. 

Control  experiment. 

Roumegudre,  C. 

1890    Fusicladium  dendriticimi  forma  microsperma.    Fungi  sel.  exs.. 
no.  5592. 
Describes  briefly  this  new  form,  of  which  a  specimen  is  given. 

Ruggles,  A.  G.,  and  Stakman,  E.  C. 

191 1     Orchard  and  garden  spraying.    Minnesota  Agr.  Exp.  Sta.    Bul. 
121:1-32. 
Brief  description  of  scab  and  methods  of  treatment. 
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Saccardo,  P.  A. 

1881    Ftisicladium  dendriticum   (Wallr.)  Pdd.  var.  minor.    Fungi 
Italia,  f.  782. 
Gives  form  on  apple  as  variety  of  that  on  pear. 
1886    Fusidadium  dendriticum  (Wallr.)  Fdd.    Syll.  ftmg.  4:345. 

Botanical  description  of  above  species. 
x886    Fusicladium  dendriticum  (Wallr.)  Fdd.  var.  Soraueri  (Thum.). 
Syll.  fxmg.  4:346. 

Reduces  von  ThiUnen*s  Napidadiwn  Soraueri  to  variety  of  apple- 
scab  fungus. 

Salmon,  B.  S. 

1908    Apple  scab  or  black  spot.    London  Bd.  Agr.    Joum.  15:182- 

195- 

Scab  said  to  cause  considerable  damage  in  England.  Susceptibility 
of  varieties  discussed.  Directions  for  bordeaux  treatment.  For  late 
infection  ammoniacal  copper  carbonate  should  be  used.  Suggests 
winter  washing  of  trees  with  strong  copper-sulfate  solution  when  twi|[s 
are  infected.  Notes  finding  scab  on  twigs.  First  time  reported  m 
England. 

1908  Apple  scab  or  black  spot  and  its  treatment.    Southeastern  Agr, 

Col.  (Wye,  Kent).    Joum.  17:304-315. 
Importance  of  the  disease  in  England. 

1909  Black  spot  or  apple  scab.    Southeastern  Agr.  Col.   (Wye, 

Kent).    Joum.  18:267-270. 

Control  experiments.    Twig  infection. 
19x0    A  lime-sulphur  wash  for  use  on  foliage.    London  Bd.  Agr. 
Joum.  17:184-189. 

Used  lime-stdfur  wash  of  a  density  of  i.oi  for  hop  mildew  (Sphaer- 
otheca  humuli),  gooseberry  mildew  (5.  mors-uvae)^  and  apple  scab. 
Results  good  on  all,  so  far  as  tested. 

19x0  Injury  to  foliage  by  bordeaux  mixture.  London  Bd.  Agr. 
Joum.  17:103-114. 

Discusses  bordeaux  injury  on  both  fruit  and  foliage.  Notes  injury 
due  to  previous  attack  by  the  fungus.  Russeting  of  fruit  due  to  weather 
conditions.  Recommends  spraying  susceptible  varieties  very  liehtly. 
Advises  that  no  other  spray  than  bordeaux  be  used  for  scab.  Lime- 
sulfur  is  unquestionably  inferior  to  bordeaux,  although  some  success 
has  attended  its  use  in  the  United  States. 

Sanderson,  B.  D.,  Headlee,  T.  J.,  and  Brooks,  Charles 

1907  Spraying  the  apple  orchard.  New  Hampshire  Agr.  Exp.  Sta. 
Bui.  131:9-56. 

Popular  descriptions  of  apple  scab  and  results  of  sprajring  experi- 
ments. A  net  profit  of  eighty  per  cent  for  the  first  year  is  reported, 
as  a  result  of  spraying  for  scab  and  codling  moth. 

Scalia,  G. 

190Z  Intomo  ad  una  nuova  forma  di  Pusidadium  dendriticum 
(Walk.)  Fckl.  Accad.  Gioenia  d.  Catania.  BoU.  70:1-5- 
1901.    Abs.  in  Bot.  centbl.  89:398.     1902. 

Pu^cladium  on  Japanese  loquat  seems  to  have  affinities  with  F. 
dendriticum  and  F,  eriobothryae,  and  the  name  F.  dendriHcum  ericbo- 
thryae-japonicae  is  given  it.    (Abstract  consulted.) 
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Schander,  R. 

1909  Zur  karbolineumfrage.    Deut.  landw.  presse  36:63-64. 

Reports  spraying  experiments,  testing  carbolineum  which  failed  to 
control  scab. 

Schioeter,  J. 

1894  Fusidadium  dendriticutn  Wallroth.  Krypt.-fl.  von  Schles. 
3:352. 

Describes  scab  on  apple  and  pear  as  a  oonidial  stage  of  Venturia 
chlorospora. 

Schwdnitz,  L.  D.  de 

1834    SpUocaea  fructigena  aut  Pomi  Lk.    Sjm.  F.  N.  A.,  p.  297. 

Reports  above  not  rare  on  Newton  Pippin.  Seems  to  have  originated 
the  specific  name  fructigena. 

Scott,  W.  M. 

1906    The  control  of  apple  bitter-rot.    U.  S.  Agr.  Dept,  Plant  Indus. 
Bur.    Bui.  93:33. 
Directions  for  combined  treatment  for  scab  and  bitter  rot. 
1908    Sdf-boiled  lime-sulfur  mixture  as  a  promising  fungicide.    U.  S. 
Agr.  Dept.,  Plant  Indus.  Bur.    Circ.  1:12. 

Reports  no  definite  data,  but  favorable  indications  as  to  the  control 
of  apple  scab  by  self -boiled  lime-sulfur. 

X909  Lime-sulftu-  mixtures  for  the  summer  spraying  of  orchards. 
U.  S.  Agr.  Dept.,  Plant  Indus.  Bur.    Circ.  27:15-17. 

Conmierdal  and  self -boiled  lime-sulfur  'used  for  control  of  scab,  in 
comparison  with  bordeaux  mixture. 

X9X0  The  substitution  of  lime-sulphur  preparations  for  bordeaux 
mixture  in  the  treatment  of  apple  dis^tses.  U.  S.  Agr.  Dept., 
Plant  Indus.  Bur.    Circ.  54:1-15. 

Results  of  experiments  in  Virginia,  Michigan,  and  Arkansas,  during 
the  season  of  1909.    Lime-sulfur  solution  seemed  the  more  promising. 

1910  The  use  of  lime-sulphur  sprays  in  the  summer  spraying  of  Vir- 

ginia apple  orchards.     Virginia  Agr.  Exp.  Sta.    B\il.  188: 
1-16. 

Lime-sulfur  was  as  effective  as  bordeaux  for  apple  scab,  and  caused 
no  russeting  of  fruit  as  did  bordeaux. 

191 X  The  use  of  dilute  lime-sulphur  for  the  control  of  apple  diseases. 
Illinois  Hort.  Soc.    Trans.  44:138-145. 

Summarizes  results  of  experiments  favoring  the  use  of  lime-sulfur 
for  scab. 

Scott,  W.  M.,  and  Quaintance,  A.  L. 

X907  Spraying  for  apple  diseases  and  the  codling  moth  in  the  Ozarks. 
U.  S.  Agr.  Dept.    Farmers'  bul.  283 : 1-42. 

Combined  treatment  for  apple  scab,  bitter  rot,  apple  blotch,  and 
codling  moth.  Description  ot  apple  scab,  and  brief  hfe  history  of  the 
fungus. 
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Scribnefi  F.  L. 

1885    Ftmgous  diseases  of  plants.    U.  S.  Agr.  Dept.     Ann.  rept. 
1885:81. 

Suggests  raking  and  burning  leaves  as  of  possible  benefit  in  prevent- 
ing apple  scab. 

1888    Apple  scab.    U.  S.  Agr.  Dept.    Ann.  rept.  1887:341-347. 

Botanical  account  of  scab,  with  reference  to  literature.  Recommends 
winter  treatment  with  iron  sulfate  and  early  spring  spraying  with 
bordeaux  mixture. 

1890    The  treatment  of  certain  fungous  diseases  of  plants.    Tennessee 
Agr.  Exp.  Sta.    Spec.  bul.  C :  6. 
Recommends  certain  fimgicides. 
1890    Fungus  diseases  of  the  grape  and  other  plants,  and  their  treat- 
ment, pp.  90-96. 

Short  botanical  account  of  the  fungus  and  methods  for  combating 
it. 

1890    Apple-scab  and  its  treatment.    Orchard  and  garden  12:113- 
114. 
General  article  on  the  subject. 

Secretan,  L. 

1833    Spilocaea  pomi.    Mycographie  Suisse  3 :  594. 

Selby,  A.  D. 

1897    Some  diseases  of  orchard  and  garden  fruits.    Ohio  Agr.  Exp. 
Sta.    Bul.  79:129-132. 

Gives  short  description  of  apple  scab  and  assigns  it  as  the  cause  of 
the  dropping  of  very  young  apples. 

1899    Investigations  of  plant  diseases.    Ohio  Agr.  Exp.  Sta.    Bul. 
111:95-115. 

Results  of  various  spraying  experiments  made  at  different  times  by 
persons  in  Ohio. 

19x0    A  brief  handbook  of  the  diseases  of  cultivated  plants  in  Ohio. 
Ohio  Agr.  Exp.  Sta.    Bul.  214:371. 

Notes  on  scab  and  on  profit  due  to  spraying.  Directions  for  control. 
Notes  on  iron  sulfate  as  a  sticker  for  bordeaux. 

Sherman,  Franklin 

1904    Sprajring  apples  and  pears.    North  Carolina  Agr.  Dept.    Ent. 
drc.  6:1-7. 
General  directions  for  spraying  apples  for  insects  and  fungous  diseases. 

Smith,  B.  F. 

1894    Apple  scab.    Joum.  myc.  7 •373-374. 

Speaks  of  1892  as  an  unusually  bad  year  for  scab  in  western  New 
York  and  southwestern  Michigan,  because  of  wet  spring. 

Smith,  W.  G. 

1885    Cracking  of  apples  and  pears  caused  by  Cladosporium  den- 
driticum.    Gard.  chron.  n.  s.  24:691. 

Notes  that  the  fungus  attacks  petals,  anthers,  and  pistils  of  flowers 
in  some  cases  causing  abortion  of  the  fruit.  Extremely  difficult  to 
suggest  method  of  control. 
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(Anonymous) 

1891  Some  of  the  most  common  fungi  and  insects  —  with  preven- 
tives. New  York  (Geneva)  Agr.  Exp.  Sta.  B\il.  35:606- 
607. 

Describes  briefly  the  effect  of  ftmgus  and  recommends  preventive 
treatment  by  spraying. 

Sorauer,  Paul 

1874  Entstehtmg  der  sogenannten  rostfiecken  auf  den  fruchten  des 

kemobstes.     Vers.  Deut.  Naturf.  u.  Aerzte.       Verhandl. 
1874:84-85. 

1875  Entstehung  der  sogenannten  rostfiecken  auf  den  fruchten  des 

kemobstes.    Bot.  ztg.  33 :  50-5 1 . 

Botanical  account  of  apple  scab  on  leaves  and  fruit. 
1875    Die  entstehung  der  rostfiecken,  auf  apfeln  imd  bimen.    Ver. 
Beford.  Gart.  Kgl.  Preuss.  Staaten.    Monatsschiift  1825-15. 

Description  of  Fusidadium  dendriticum  and  disease  caused  by  the 
fungus.    The  conidial  stage  is  well  illustrated. 

x88a  Fusidadium  dendriticimi.  Die  obstbaumkrankheiten,  pp. 
100-103. 

Account  of  the  gross  and  microscopical  appearance  of  scab  on  leaves 
and  fruit. 

z886    Die  rostflecke  der  apfel  tmd  bimen.    Handbuch  der  pfianzen- 
krankheiten,  p.  392. 
Describes  apple  scab  briefly. 
z888    Fusidadium  dendriticimi.    Die  sch&den  der  kulturpfianzen, 
p.  224. 
Short  note  on  this  fungus. 

Spiague,  C.  J. 

1856    Contributions  to  New  England  mycology.    Boston  Soc.  Nat. 
Hist.    Proc.  5:329. 
Lists  Spilocaa  fructigena  from  New  England  but  does  not  give  host. 

(Anonymous) 

1895  Spraying  pear  and  apple  orchards  in  1894.  New  York  (Geneva) 
Agr.  Exp.  Sta.    Bui.  84: 19-20,  31-33. 

Recommends  time  for  spraying  and  notes  varieties  injured  by  bor- 
deaux mixture. 

StenCf  A.  E« 

XQZO  Some  suggestions  on  apple  growing  in  Rhode  Island.  Rhode 
Island  State  Bd.  Agr.    Rept .  25 : 1 5  i-i  53 ,  1 5  5 . 

Brief  notes  on  scab  and  control  methods. 

Stevens,  F.  L.,  and  Sherman,  Jr.,  Franklin 

1903  Insect  and  fungus  enemies  of  the  apple,  pear,  and  quince,  with 
methods  of  treatment.  North  Carolkia  Agr.  Exp.  Sta.  Btil. 
183:64-66. 
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Stewarti  F.  C. 

1909  Recent  investigations  on  plant  diseases.    West.  New  York 

Hort.  Soc.    Proc.  54:77-81. 
Includes  note  on  lime-sulfur  solution  for  apple  scab. 

Stewart,  F.  C,  and  Blodgett,  F.  H. 

1899  A  fruit-disease  survey  of  the  Hudson  valley  in  1899.     New 

York  (Geneva)  Agr.  Exp.  Sta.    Bui.  167 :  283. 

But  very  little  scab  during  the  dry  season  of  1899.    Notes  occurrence 
of  scab  on  twigs  of  the  Lady  apple. 

Stewart,  F.  C,  Rolfs,  F.  M.,  and  Hall,  F.  H. 

1900  A  fruit-disease  stu^vey  of  western  New  York  in  1900.    New 

York  (Geneva)  Agr.  Exp.  Sta.    Bui.  191 :  295. 

Stewart,  J  P. 

1910  The  apple  in  Pennsylvania:  varieties,  planting,  and  general 

care.    Pennsylvania  Agr.  Exp.  Sta.    Bui.  106:11-13. 
Brief  notes  on  apple  scab  and  its  controL 

Stinson,  J.  T. 

1892    Apple  scab,  codling  moth,  and  plum  curculio.    Arkansas  Agr. 
Exp.  Sta.    Bui.  21 :  57-59. 
Directions  for  spraying  with  bordeaux  mixture. 
1894    Apple  scab.    Arkansas  Agr.  Exp.  Sta     Bui.  26:23-33,  37-44. 
Favorable  results  from  spraying  with  bordeaux  mixture.    Notes  on 
damage  caused  by  scab  over  the  State. 

1896    Spraying  experiment.    Arkansas  Agr.  Exp.  Sta.    Bui.  39:20- 
22. 
•     Notes  that  spraying  experiments  were  not  profitable  because  of  the 
lack  of  scab  that  year. 

1900    Preliminary  report  on  bitter  rot  or  ripe  rot  of  apples.    Missouri 
Fruit  Sta.    Rept.  1900: 15-17. 

Results  of  spraying  for  scab  with  bordeaux.    Scab  was  more  easily 
controlled  by  bordeaux  than  was  bitter  rot. 

Stone,  G«  B« 

1907    Potato  and  apple  scab.    Massachusetts  State  Bd.  Agr.  Nature 
leaflet  7:3-4. 
Popular  description  of  disease  and  directions  for  treatment. 

Streinz,  W.  M. 

i86a    Nomenclator  fungorum,  pp.  187,  280,  308. 

Gives  Fumago  mali  Pers.  and  Helminlhosporium  pyrorum  Tib.  as 
synonyms  of  Ckidosporium  dendrUicum  Wallr. 

Sturgis,  W.  C. 

1892    Scab.    Connecticut  Agr.  Exp.  Sta.    Bui.  1 1 1 : 3-4. 
Briefly  describes  scab  and  its  prevention  by  spraying. 
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1893    Scab.    Connecticut  Agr.  Exp.  Sta.    Bui.  115: 3-4. 

Short  note  on  apple  scab. 
X894    Spraying  for  scab  of  apple  and  pear.    Connecticut  Agr.  Exp. 
Sta.    Ann.  rept.  17:72-73. 

Results  of  spraying  experiments  including  winter  and  summer  treat- 
ments. 

1901    Scab  [Pusicladium  dendriticum  (Wallr.)  Fdd.].    Connecticut 
Agr.  Exp.  Sta.    Ann.  rept.  24:258. 
A  few  references  to  literature. 

Taft,L.IL 

1890    Report  on  experiments  with  remedies  for  the  apple  scab.    U.  S. 
Agr.  Dept.,  Veg.  Path.  Div.    Bui.  11 :3o-38. 

Experiments  in  spraying  with  different  fungicides,  of  which  modified 
eau  celeste  and  ammoniaod  copper  carbonate  gave  the  best  results. 

1890    Report  on  the  experiments  made  in  1889  in  the  treatment  of 
apple  scab  in  Michigan.    Michigan  Agr.  Exp.  Sta.    Bui. 

59:30-42. 
Obtained  best  results  from  use  of  modified  eau  celeste. 

189a    Insecticides  and  fungicides.    Michigan  Agr.  Exp.  Sta.    Bui. 
83:12-14. 
Short  description  of  the  fungus,  with  recommendations  for  spraying. 
1907    Orchard   spraying.     Michigan   Agr.    Exp.    Sta.     Spec.  bul. 
37:25-26. 
Brief  directions  for  spraying  for  scab  and  codling  moth. 

Taft,  L.  R.,  and  Davis,  6.  C. 

1895    The  pests  of  the  orchard  and  garden.    Michigan  Agr.  Exp. 
Sta.    Bul.  121:19-21. 
Writes  briefly  about  scab  and  reoonmiends  use  of  bordeaux  mixture. 

Taft,  L.  R.,  and  Smith,  C.  D. 

1907    Spraying   calendar.      Michigan   Agr.   Exp.   Sta.     Spec.  bul. 
36:266-274. 
General  directions  for  spraying  for  scab. 

Taft,  L.  R.,  and  Wilken,  F.  A. 

1909  Annual  report  of  the  South  Haven  sub-station  for  1908.    Mich- 

igan Agr.  Exp.  Sta.    Spec.  b\il.  48: 16-24. 

Note  on  scab  as  affecting  set  of  fruit,  and  report  of  use  of  lime-sulfur 
and  calcium  benzoate  as  summer  sprays.  Kex  and  Niagara  lime- 
sulfur  solutions,  diluted  1-25,  used  on  foliage  of  apples,  pears,  cherries, 
and  plums. 

Tetzner, 

1910  Die  schwefelkalkbruhe  und  ihr  einfluss  auf  die  kupfemen 

spritzen.    Deut.  obstb^ume  ztg.  14:179-180. 
Note  suggesting  use  of  lime-sulfur  on  apple  trees. 
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Thfimen,  F.  von 

1875    Napicladium,  eine  neue  hyphomyceten-gattung.    Hedw.  14: 

3-4. 
Describes  scab  fungus  on  apple  fruit  as  belonging  to  a  new  genus. 

1875    Napidadium  Soraueri  Thuem.    Myc.  uni.,  no.  91. 

Gives  specimen  and  description  of  his  new  genus. 
1891     Ueber   einige   besonders   beachtenswerte   durch   parasitische 
pilze    hervorgerufene    krankheiten    der     apfelbatunblatter. 
Zeitsch.  pflanzenkr.  i:  167-169. 

Discusses  apple  scab  and  gives  Fusidadium  dendriticum  var.  Soraueri 
and  Napicladium  Soraueri  as  synonyms. 

Tillinghast,  J.  A.,  and  Adams,  G.  E. 

1899    Suggestions  as  to  spraying.    Rhode  Island  Agr.  Exp.  Sta. 
Bui.  52:20-21. 
Appearance  of  apple  scab  described  and  remedy  suggested. 

Trelease,  William 

1884    The  apple  scab  and  leaf  blight.    Wisconsin  Agr.  Exp.  Sta. 
Ann.  rept.  i :  45-56. 

Gives  extended  account  of  scab  and  of  varieties  of  apples  attacked, 
and  recommends  raking  together  and  btuning  leaves. 

1884    Fusidadium  dendriticum  (Wallr.).    Prel.  list  par.  fungi  Wis- 
consin, p.  15. 

Lists  this  as  very  destructive  and  on  following  hosts:  Pryus  malus, 
P.  coronaria,  P.  prunifolia. 

Voges,  Ernst 

1907    Ueber   die   schorfkrankheit   der   obstbd^tune.    Deut.    landw. 
presse  34:276-277,  284-285,  290-291. 

Organisms  described  at  length.  Methods  of  entrance  to  host,  eflfec* 
on  host,  methods  of  propagation.  Varietal  susceptibility.  Infection  of 
twigs. 

19x0    Die  bekampfung  des  Fusidadium.    Zeitsch.  pflanzenkr.  20: 

385-393- 
Red  apples  considered  resistant.    Twig  infection.    life  history. 

Waite,  M.  B. 

1910    Experiments  on  the  apple  with  some  new  and  little-known 
fungicides.    U.   S.  Agr.   Dept.,   Plant  Indus.   Bur.    Circ. 

58:1-19. 

Used  iron  sulfid,  prepared  by  adding  iron  stdfate  to  self-boiled  lime- 
sulfur;  tested  various  modifications  of  bordeaux  mixtxire. 

Walker,  Ernest 

1906    Suggestions  upon  the  care  of  applet  orchards.    Arkansas  Agr. 
Exp.  Sta.    Bui.  91 :  166-168,  204. 

Dust  sprays  proved  inefficient.  Directions  for  spraying  apple 
orchards. 
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Wallace,  Errett 

1909    Apple  scab.    Niagara  Sprayer  Company.     Fellowship  rept. 
2:1-10. 

Popular  description  of  disease  and  fungus.  Comparison  of  bordeaux 
and  lime-sulfur  solution  for  control  of  apple  scab. 

1909  The  value  of  lime-sulphur  solutions  as  fungicides.     Amer. 

Pomol.  Soc.    Proc.  1909:112-113. 

Control  experiments  with  lime-sulfur. 
Z910    Spray  injury  induced  by  lime-sulfur  preparations.    Cornell 
Univ.  Agr.  Exp.  Sta.    Bui.  288: 101-137. 

Notes  on  spray  injury  to  fruit  and  foliage.  Explanations  and  methods 
of  avoiding  such  injury  are  suggested.  Scab  imection  previous  to  the 
apptication  of  the  spray  is  found  to  favor  injury. 

1910  Venturia  inaequalis,   ascospore  dissemination   and   infection. 

Science  n.  s.  31-753-754. 

Brief  notes  on  method  of  ascospore  discharge  and  infection. 
19x1     Lime-sulfur  as  a  summer  spray.    Cornell  Univ.  Agr.  Esq).  Sta. 
B\il.  289:139-162. 

Popular  accotint  of  experiments  in  the  control  of  apple  scab.  Various 
modifications  of  lime-suliur  preparations  are  compared  with  one  another 
and  with  bordeaux  mixture.  Early  attack  oi  scab  was  found  to  be 
largely  cause  of  poor  set  of  fruit  in  19 10. 

Wallacei  Errett,  Blodgett,  F.  M.,  and  Hesleri  Lex  R. 

191 1  Studies  of  the  ftmgicidal  value  of  lime-sulfur  preparations. 

Cornell  Univ.  Agr.  Exp.  Sta.    Bui.  290:1^3-207. 

Records  laboratory  tests,  verified  by  field  experiments,  of  the  fungi- 
cidal value  of  many  modifications  of  lime-suuur  solution  and  otl^ 
fungicides. 

Wallrotii,  F.  G. 

1833    Cladosporium  dendriticimi  W.    FL  crypt.  Germ.  2:4:169. 

Describes  this  as  a  new  species  on  apple,  with  queried  reference  to 
identity  with  Persoon's  Futnago  moH, 

Warreni  G.  F. 

1905  An  apple  orchard  survey  of  Orleans  county.    Cornell  Univ 

Agr.  Exp.  Sta.     Bul»  229:475-481. 
Notes  on  spraying.    Estimate  of  profit  due  to  spraying. 

1906  Spraying.    New  Jersey  Agr.  Exp.  Sta.    Bui.  194:12-15. 

Popular  notes  on  spraying  apples,  with  directions. 
Z909    Elements  of  agriculture,  p.  253. 
Brief  note  on  apple  scab. 

Warren,  G.  F.,  and  Vooriiees,  J.  A. 

1907  Report  of  the  Horticulturist.    New  Jersey  Agr.  Exp.  Sta. 

Rept.  27:225. 

Attributes  cloudiness  on  pears  to  an  attack  of  the  apple-scab  fungus 
(Venturia  inaqualis). 
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Wafldns,  O.  S. 

191 1    Summary  of  various  spraying  experiments  for  the  summer  of 
1910.    Illinois  Hort.  Soc.    Trans.  44:145-169. 
Bordeaux  mixture  considered  more  effective  than  lime-sulfur. 

Weed,  C.  M. 

1890    Apple  scab.    Ohio  Agr.  Exp.  Sta.    Bui.  14 :  188. 

Reports  injury  to  fruit  from  spraying  with  bordeaux  mixture. 

Whetzel,  H.  H.,  and  Stewart,  F.  C. 

1908    The  control  of  plant  diseases.    Cornell  Univ.  Agr.  Exp.  Sta. 
Bui.  252:190. 
Brief  directions  for  controlling  scab. 

Whitten,  J.  C. 

1895    Spraying  orchards  and  vineyards.    Missouri  Agr.  Exp.  Sta. 
Bui.  31:1-19. 
Favorable  results  from  spraying  with  bordeaux  mixture. 

Wilcox,  E.  M. 

1905    Diseases  of  the  apple,  cherry,  peach,  pear,  and  plum,  with 
methods   of   treatment.     Alabama    Agr.  Exp.  Sta.     Bui. 
132:97-102. 
Brief  description,  with  directions  for  control. 

Williams,  T.  A. 

1893    Common  fungous  and  insect  foes  of  farm  and  garden.    South 
Dakota  Agr.  Exp.  Sta.    Btd.  35:79. 
Gives  short  note  on  apple  scab. 

Winter,  Georg 

187s    Ueber  Napidadium  soraueri  Thumen.    Hedw.  14:35-36. 

Shows  that  above  fungus  is  not  distinct  from  Fusicladium  dendriticum 
(Wellr.). 

x88o    Venturia  inaequalis  Wint.    Myc.  uni.,  von  Thumen.  no.  1544. 
Gives  this  name  for  first  time  to  specimens  on  apple  leaves. 
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SOME  RELATIONS  OF  CERTAIN  HIGHER  PLANTS  TO   THE 
FORMATION  OF  NITRATES  IN  SOILS 

T.  Lyttleton  Lyon  and  James  A.  Bizzell 

(Received  for  publication  September  1,  1912) 

INTRODUCTION 

There  are  several  forms  in  which  nitrogen  occurs  in  soils.  The 
uncombined  nitrogen  of  the  soil  air  constitutes  the  largest  supply 
because  of  its  diflfusibiUty  with  the  atmospheric  air.  Next  in  amount 
is  the  nitrogen  of  organic  compounds,  ranging  from  .05  to  .3  per  cent  on 
ordinary  arable  land  and  always  slightly,  but  appreciably,  soluble  in  soil 
water.  In  upland  cultivated  soils  the  nitrogen  of  nitrate  salts  forms  the 
next  largest  supply,  but  rarely  exceeds  20  per  cent  of  the  total  com- 
bined nitrogen  of  the  soil.  Curiously  enough,  the  heavy,  anc?  conse- 
quently poorly  aerated,  soils  usually  contain  more  nitrates  than  do 
lighter  soils,  and  Fischer  (1911)*  has  found  that  nitrate  formation  is 
more  rapid  in  such  soils.  In  forest,  swamp,  and  inundated  soils  the 
nitrogen  of  ammonium  salts  and  nitrites  forms  a  larger  proportion  of 
the  soil  nitrogen  than  does  the  nitrate  nitrogen,  but  in  well-aerated  soil 
these  compounds  exist  in  very  small  quantities. 

The  utilization  of  nitrogen  in  these  various  forms  by  agricultural  plants 
has  furnished  the  incentive  for  a  large  amount  of  able  and  important 
experimentation,  which  has  resulted  in  the  definite  and  final  demonstra- 
tion of  certain  facts  and  in  the  partial  solution  of  some  questions  relating 
to  the  agricultural  availability  of  nitrogen  in  its  various  soil  conditions. 
The  utilization  of  atmospheric  nitrogen  by  legimiinous  plants,  for  instance, 
has  been  established  beyond  question;  but  the  extent  to  which  this  form 
of  nitrogen  may  be  utilized  by  other  plants,  or  the  identity  of  the  plants 
that  participate  in  its  use,  are  subjects  on  which  opinions  differ  and  which 
are  still  being  investigated.  The  study  of  the  degree  to  which  the  nitrogen 
of  organic  compounds  is  available  to  higher  plants  has  enlisted  the  efforts 
of  numerous  investigators  and  has  been  only  partially  worked  out. 

While  nitrate  nitrogen  is  generally  conceded  to  be  the  form  best  suited 

*  Dates  in  parenthena  refer  to  bibliography. 
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to  the  use  of  most  higher  plants,  there  is  undoubtedly  a  diflference  between 
plants  of  different  species  in  their  relation  to  the  nitrate  nitrogen  content 
of  the  soil.  The  disappearance  of  nitrate  nitrogen  from  the  soil  during 
the  growth  of  different  kinds  of  plants  is  not  always  proportional  to  the 
total  quantity  of  nitrogen  removed  by  the  crop.  Thus,  it  is  greater  for 
oats  than  for  maize,  although  the  latter  crop  may  contain  a  much  larger 
quantity  of  nitrogen.  Both  the  question  of  a  possible  influence  of  certain 
plants  on  the  process  of  nitrate  formation  in  the  soil,  and  that  of  the  degree 
to  which  some  plants  may  use  forms  of  nitrogen  other  than  nitrates,  are 
raised  by  these  phenomena. 

Boussingault  first  demonstrated  the  importance  of  nitrates  for  higher 
plants.  Previous  to  that  time  ammonia  had  been  considered  the  chief 
source  of  nitrogen,  and  still  earlier  humus  had  been  considered  the  source. 
Liebig  gave  the  weight  of  his  influence  in  favor  of  ammonia  as  the  supply. 
He  was  unaware,  of  course,  of  the  transformation  of  ammonia  nitrog^ 
into  nitrates  in  the  soil.  Since  the  publication  of  the  experiments  by 
Boussingault  and  the  later  work  on  nitrification,  there  has  been  a  tendency 
to  consider  nitrate  nitrogen  as  the  only  available  supply  of  nitrogen  for 
autotrophic  plants. 

It  is  questionable  whether  nitrates  are  so  universally  and  decidedly 
important  to  plant  growth  as  has  been  commonly  supposed  since  the  time 
of  Boussingault.  The  preference  that  swamp  rice  plants  exhibit  for  ammo- 
nium salts,  aa  proved  by  Kellner  (1884)  and  also  by  Kelley  (1911),  indi- 
cates an  adaptation  of  this  variety  to  the  prevailing  condition  of  its 
environment,  which  must  be  reversed  on  its  transfer  to  upland  soils. 
Other  plants  also  may  adapt  themselves  to  the  use  of  the  more  abun-  • 
dant  form  of  nitrogen. 

Ammonium  salts  are  toxic  to  most  higher  plants  except  in  very  dilute 
solutions.  Maz6  (1900)  obtained  as  great  a  growth  of  maize  with  a  very 
dilute  solution  of  anunonimn  sulfate  as  with  a  correspondingly  strong 
solution  of  nitrate.  It  is  possible  that  the  toxic  action  has  masked  the 
nutritive  value  of  anunonia  in  many  experiments. 

In  a  similar  way  results  of  experiments  with  ammonium  salts  applied 
to  soils  may  have  been  influenced  by  the  acid  residue  remaining  when  the 
nitrogen  was  removed. 

Hutchinson  and  Miller  (1911)  foimd  that  peas  obtained  nitrogen  from 
ammonium  salts  as  readily  as  they  did  from  sodium  nitrate,  but  that 
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wheat  plants,  although  able  to  obtain  nitrogen  directly  from  ammonium 
salts,  grew  much  better  in  a  solution  containing  nitrates. 

One  feature  brought  out  by  the  numerous  experiments  with  ammonium 
salts  is  the  diflference  between  plants  of  various  kinds  in  respect  to  their 
ability  to  absorb  ammonium  compoimds.  When  fully  worked  out,  the 
degree  to  which  this  aptitude  is  possessed  may  serve  as  a  practical  guide 
in  the  fertilizing  of  agricultural  plants. 

One  of  the  early  beliefs  in  regard  to  plant  nutrition  .was  that  organic 
matter  as  such  was  directly  absorbed  by  higher  plants.  This  opinion  was 
afterwards  entirely  replaced  by  the  mineral  theory  propounded  by  Liebig; 
and  still  later  the  discovery  of  the  nitrifying  process  almost  disposed  com- 
pletely of  the  belief  that  organic  nitrogen  was  a  food  for  higher  plants. 
Possibly  plants  of  different  species  vary  in  their  ability  to  use  nitrogen  in 
the  different  organic  forms.  It  is  also  quite  likely  that  the  stage  of  growth 
of  the  plant  determines,  in  some  measure,  the  ability  of  the  plant  to  utilize 
organic  forms  of  nitrogen. 

The  relation  that  the  various  nitrogenous  compounds  of  the  soil  bear 
to  the  physiological  processes  concerned  in  absorption  is  an  almost  un- 
touched subject.  It  is  possible  that  changes  occur  at  the  root  surface 
through  the  action  of  enzymes*  secreted  by  the  plant.  Nitrates  have  been 
found  in  plants,  and  so  also  has  ammonia.  It  is  generally  held  that  these 
substances  are  absorbed  directly. 

Nitrate-reducing  enzymes  have  been  foimd  in  several  species  of  plants, 
and  it  seems  probable  that  reduction  is  the  first  step  in  the  assimilation 
of  nitrates.  Hitter  (1912)  found  that  the  first  process  in  the  utilization 
of  nitrates  by  certain  molds  is  a  reduction  of  nitrate  to  nitrite.  If  amids 
are  an  intermediate  step  in  the  formation  of  proteids  in  the  plant,  reduc- 
tion is  necessary. 

It  may  be  that  the  formation  of  nitrates  is  merely  a  process  that  facili- 
tates the  absorption  of  nitrogen  by  reason  of  the  ease  with  which  nitrates 
pass  through  the  semipermeable  membrane  of  the  root  cells,  and  that  the 
most  economical  use  of  soil  nitrogen  would  not  necessitate  the  formation 
of  large  quantities  of  nitrates  for  the  growth  of  many  of  the  higher  plants. 

EXPEKIMENTB  BY  OTHER  INVESTIGATORS 

Experiments  by  the  writers  of  this  paper  and  by  a  number  of  other 
investigators  indicate  that  crops  differ  from  one  another  in  respect  to  the 
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occurrence  of  nitrates  in  the  soil  on  which  they  grow.  For  any  one  soil 
the  nitrate  content  is  largely  dependent  on  the  kind  of  crop  grown.  Fur- 
thermore, the  stage  of  growth  of  any  particular  plant  has  a  characteristic 
relation  to  the  nitrate  content  of  the  soil.  The  extensive  Uterature  bearing 
on  the  nitratfe  content  of  soils  contains  a  number  of  instances  illustrating 
this  relationship  between  the  soil  and  the  crop  growing  on  it,  and  these 
may  be  so  classified  as  to  bring  out  definite  relations. 

Experiments  showing  different  nitrate  contents  of  soUs  under 

different  crops 

In  an  extensive  series  of  field  experiments  in  which  nitrates  were  deter- 
mined in  samples  of  soil  taken  under  several  crops,  King  and  Whitson 
(1901)  found  that,  for  the  four  crops  named,  nitrates  were  highest 
during  the  growing  season  under  maize,  next  under  potatoes,  and  lowest 
under  alfalfa  and  clover. 

Stewart  and  Greaves  (1912),  in  another  extensive  set  of  experiments 
extending  over  several  years,  found  the  nitrate  content  imder  maize, 
potatoes,  oats,  and  alfalfa  to  rank  in  the  order  named. 

In  field  soil  planted  to  diflferent  crops  Wolhiy  (1897)  found  that  the 
quantities  of  nitric  nitrogen,  expressed  in  kilograms  per  German  acre, 
were  9.2  under  beans,  22  in  fallow,  and  1.2  under  wheat. 

Brown  (1912)  sampled  soil  of  neighboring  plats  that  continuously  for 
several  years  had  grown  maize  and  clover,  respectively,  and  found  that 
the  processes  of  anunonification  and  nitrification  were  more  rapid  in  the 
soil  planted  to  maize. 

Voorhees,  Lipman,  and  Brown  (1907)  inoculated  a  modified  OmeU- 
anski's  solution  with  soil  that  had  grown  oats,  soil  that  had  grown  crimson 
clover,  and  soil  that  remained  unplanted  during  the  period  required 
to  mature  the  crops.  The  resulting  formation  of  nitrates  was  greater  in 
the  solutions  inoculated  with  the  unplanted  soil  than  in  those  inoculated 
with  the  soil  planted  to  either  of  the  crops.  The  quantity  of  nitrates 
found,  however,  was  small.  An  ammonification  test  resulted  in  a  greater 
production  of  ammonia  from  the  planted  than  from  the  unplanted  soil. 

Brown  and  Maclntire  (1910)  found  the  average  nitrate  content  for 
the  growing  season  to  be:  under  maize,  55.5  parts  per  million  of  the  dry 
weight  of  the  soil;  under  oats,  18  parts  per  milUon;  under  wheat,  7.9 
parts  per  million;  under  grass^  1.4  part  per  million.    The  average  moisture 
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content  of  the  soil  under  these  crops  ranged  from  24.1  per  cent  for  maize 
to  26.6  per  cent  for  wheat.  The  difference  in  nitrate  content,  therefore, 
could  not  be  attributed  to  differences  in  soil  moisture. 

In  all  these  experiments  nitrates  reached  their  lowest  point  under  grass 
before  they  did  imder  wheat  or  oats,  and  under  wheat  and  oats  before 
they  did  under  maize;  but  even  after  the  minimum  nitrate  content  was 
reached  under  all  crops  they  stood  in  the  same  order.  As  these  experi- 
ments represent  soils  in  Germany,  New  Jersey,  Pennsylvania,  Wisconsin, 
and  Utah,  thus  ranging  from  a  humid  to  an  arid  region,  the  agreement  in 
the  relation  of  the  nitrogen  content  of  the  soil  to  the  plants  used  in  the 
experiments  is  certainly  significant. 

Experiment  showing  higher  nitrate  content  under  plants  than 
in  fallow  land 

The  figures  given  by  Stewart  and  Greaves  (1909),  in  a  study  of  nitrates 
in  irrigated  soils  planted  to  maize,  potatoes,  and  alfalfa,  and  also  on  land 
fallow  during  a  period  of  three  years  and  planted  to  oats  one  year,  show 
nitrates  to  be  higher  under  maize  than  in  fallow  land  at  certain  stages  in 
the  growth  of  the  crop,  and  in  some  cases  the  same  was  true  with  potatoes. 
The  highest  nitrate  content  under  these  crops  occurred  at  about  the  time 
of  their  most  active  growth  and  in  the  first  foot  or  the  first  two  feet  of  soil. 

King  and  Whitson  (1902)  report  an  experiment  in  which  one  of  two 
contiguous  plats  of  oats  had  a  crop  entirely  removed  on  June  20,  on  which 
date  determinations  of  nitrates  were  made  in  the  soil  of  both  plats  to  a 
depth  of  four  feet.  The  crop  on  the  harvested  plat  was  weighed  and  the 
dry  matter  determined.  At  the  end  of  nineteen  days  nitrates  were 
again  determined  in  both  plats,  the  remaining  oats  were  harvested  and 
weighed,  and  the  dry  matter  was  determined.  No  determinations  of  nitro- 
gen were  made  with  the  crop,  but  the  gain  in  nitrogen  for  the  nineteen 
days  was  calculated  from  the  dry  weight  on  the  basis  of  average  analyses  for 
oat  plants  at  that  stage.  The  gain  in  nitrogen  in  the  oat  plants  which  had 
been  growing  for  nineteen  days,  minus  the  loss  of  nitrates  during  that  time, 
was  twice  as  great  as  could  be  accounted  for  by  the  gain  of  nitrates  on  the 
bare  plat.  No  account  was  taken  of  the  nitrogen  in.the  plant  roots,  which 
would  make  a  still  greater  difference.  Evidently  there  was  a  much  larger 
supply  of  available  nitrogen  in  the  soil  growing  oats  than  was  represented 
by  the  nitric  nitrogen  of  the  bare  plat,  and  this  supply  was  due  either  to  a 
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more  active  nitrate  formation  in  the  soil  growing  oats  or  to  the  utilization 
of  some  form  of  nitrogen  other  than  nitrates.  The  investigators  did  not 
think  that  a  decomposition  of  nitrates  could  account  for  it. 

Similar  results  with  clover  were  obtained  by  the  same  investigators,  but 
since  clover  is  a  legume  this  may  be  accounted  for  by  processes  already 
imderstood. 

Results  reported  by  Jensen  (1910)  showed  that  soil  planted  to  maize 
contained  more  nitrates  during  the  first  part  of  July  than  did  fallow  land. 

Fraps  (1908)  found  that  fifty  to  one  hundred  per  cent  more  nitrogen  was 
removed  by  maize  plants  in  the  first  nine  weeks  of  their  growt;h  than  was 
apparently  transformed  from  organic  compounds  into  ammonium  and 
nitrate  salts  in  the  same  time. 

Bower  (1912)  determined  nitrates  in  soil  of  unplanted  plats,  both  culti- 
vated and  uncultivated,  and  in  maize  plats  cultivated  and  uncultivated. 
In  both  the  cultivated  and  the  uncultivated  plats  nitrates  under  the  maize 
were  higher  during  July  than  in  the  bare  soil. 

In  the  experiments  cited  showing  a  higher  nitrate  content  of  soil  under 
maize  than  in  fallow  land,  this  condition  obtained  during  the  period  of 
active  growth  and  usually  before  full  bloom.  The  experiments  in  which 
an  unaccountable  nitrogen  supply  was  indicated  also  relate  to  the  earlier 
stages  of  growth.  They  agree  in  suggesting  an  activity  in  nitrate  forma- 
tion under  certain  plants  during  early  growth  which  does  not  obtain  in 
unplanted  soil. 

Experiments  indicating  a  depressed  nitrate  formation  under  plants 
Brown  and  Maclntire  (1910)  foimd  that  the  nitrates  in  oat  land  did 
not  increase  after  the  crop  began  to  mature  until  after  plowing  in  the  fall. 
The  plowing  was  done  on  August  20. 

Leather  (1912)  reports  experiments  in  which  large  tanks  containing  soil 
were  planted  or  fallowed  and  nitrate  nitrogen  was  determined  in  the 
drainage  water.  Of  these  gauges,  numbers  1  and  3  were  cropped  and 
numbers  2  and  4  were  fallowed.  In  1909  the  rainfall  was  sufficient  to 
replace  entirely  the  water  in  the  gauges.  The  nitrogen  in  the  crops  of 
1908  and  1909  plus  the  nitrogen  in  the  drainage  water  for  that  period 
should  be,  Leather  thinks,  equal  to  the  nitrogen  in  the  drainage  water  of 
the  fallow  gauges.  He  shows  by  the  following  figures,  however,  that  this 
is  not  the  case: 
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Gauge  No. 


Pounds  per  acre 


Nitric  nitrogen  in  drainage  water 

Nitrogen  in  manure  u«ed 

Nitrogen  in  maize  crop,  1908 

Nitrogen  in  whetX  crop,  1908-1909 

Nitrogen  in  maise  crop.  1909 

Nitrogen  estimated  to  have  been  in  roots  of  the  three 
crops 


+261.5 


Net  total. 


+231.5 


+51.1 
—50.0 
+49.0 
+  7.9 
+38.0 

+31.8 


+  12S.4 


+209.6 


+209.0 


+53.9 
—50.0 

+44.7 
+  7.9 
+31.2 

+27.9 


+115.6 


It  thus  appears  that  there  is  a  smaller  quantity  of  soluble  nitrogen  in  the 
cropped  than  in  the  fallow  gauges,  and  that,  either  directly  or  indirectly, 
the  presence  of  the  higher  plant  prevented  the  formation  of  nitrates. 

At  Grignon  it  was  found  by  Deh^rain  (1902),  as  the  result  of  experiments 
with  large  vegetative  tanks,  that  the  loss  of  nitrogen  in  drainage  water 
from  fallow  soil  amounted  to  200  kilograms  per  hectare;  from  soil  planted 
to  maize,  harvested  before  maturity,  the  removal  of  nitrogen  by  the  crop 
plus  that  in  the  drainage  water  amounted  to  slightly  less  than  that  in  the 
drainage  water  from  the  fallow  soil;  from  soil  planted  to  oats  the  nitrogen 
in  the  crop  and  in  the  drainage  water  amounted  to  only  63  kilograms  per 
hectare;  and  from  soil  continuously  in  grass  the  drainage  water  contained 
almost  no  nitrogen. 

Dehdrain  attributes  this  to  the  drying  out  of  the  soil  by  the  growing 
plants  during  the  season  most  favorable  to  nitrate  formation,  except  in 
the  case  of  maize,  which  was  planted  later.  Leather  (1912),  who  obtained 
somewhat  similar  results,  does  not  accept  this  explanation. 

The  writers  of  this  paper  (1911)  advanced  the  hypothesis  that  certain 
higher  plants  exert  a  stimulating  or  a  depressing  influence  on  the  proc- 
ess of  nitrate  formation,  depending  on  the  stage  of  growth.  Most  of  the 
experiments  cited  above  were  performed  before  that  time,  and,  since  no 
suggestion  had  previously  been  made  as  to  any  relation  between  higher 
plants  and  nitrate  formation,  many  data  that  might  have  thrown  light 
on  that  subject  have  probably  been  omitted  from  the  publications.  How- 
ever, Leather,  who  published  his  results  in  1912,  has  considered  his  data 
with  regard  to  this  hypothesis  and  expresses  himself  as  considering  it  a 
possible  explanation  for  the  results  obtained  by  Deh^rain  and  by  himself. 
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INVBSTIOATIONS    AT    THE    CORNELL    UNIVBRSITY    AGRI  CULTURAL 
EXPERIMENT  STATION 

In  connection  with  a  study  of  the  nitrogen  relations  of  the  timothy 
plant,  determinations  of  nitrates  were  made  during  the  simimers  of  1907, 
1908,  and  1909,  in  samples  of  soil  taken  from  field  plats  under  timothy, 
maize,  and  oats  in  rotation.  The  results  of  these  experiments  showed 
such  characteristic  relations  of  the  respective  plants  to  the  nitrate  content 
of  the  soil  that  the  study  has  now  been  continued  for  six  years.  The 
present  paper  deals  mainly  with  the  field  experiment?  in  the  investigation. 

There  were  two  conditions  of  the  experiments  which  probably  con- 
tributed largely  to  making  the  relationship  obvious.  These  were  (1)  the 
heavy  clay  soil,  which  made  the  movement  of  nitrates  very  slow  and  hence 
emphasized  the  relationship  between  the  plant  at  any  particular  stage 
of  growth  and  the  nitrate  content  of  the  soil;  (2)  the  division  of  each  plat 
into  sections,  of  which  one  was  always  kept  bare  but  received  the  same  soil 
treatment  as  the  planted  sections  of  the  plat  and  thus  permitted  a  constant 
comparison  of  the  nitrates  in  the  planted  and  the  unplanted  sections. 

Experiments  on  phis  rnanvred  for  timothy 
Experiment  plats  one  tenth  acre  in  size  were  used  in  this  experiment. 
They  were  in  a  rotation  of  timothy  three  years  and  maize,  oats,  wheat, 
each  one  year.  Most  of  them  had  been  fertilized  in  different  ways  for 
timothy,  but  received  no  fertilizer  for  the  grain  crops  that  followed. 
FertiUzers  were  applied  to  the  timothy  in  1905, 1908,  and  1907.  Manure 
was  applied  to  the  timothy  in  1905  and  1907.  There  were  twenty-two 
plats  in  all.    Their  treatment  is  shown  in  Table  1 : 


TABLE  1.    Febtiuzeb  Treatment  (per 

Acre)   op  Plats  Manured  por  Tucotht 

Plat 

Treatment 

Plat 

717 
718 

719 

720 
721 

Treatment 

711 
712 
713 
714 
715 
716 

Nofertiliaer 

320  pounds  rook  superphosphata 

80  xxmndfl  muriate  of  potaah 

NofertiKaer 

160  poonda  nitrate  of  aoda 

160  pounds  nitrate  of  aoda 

Nofertiliier 

80  pounds  muriate  of  potash 

160  pounds  nitrate  of  soda 
80  xxmnds  muriate  of  potash 

NofertiUser 

160  pounds  nitrate  of  soda 
80  pounds  muriate  of  potash 
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TABLE  1  (canHnued) 


Plmt 

Treatment 

Plat 

Treatment 

722 

160  poundR  nitrate  of  soda 
80  pounds  muriate  of  potash 

727 

320  pounds  nitrate  of  soda 
80  pounds  muriate  of  potash 
320  poimds  rock  superphosphate 

723 
724 

No  fertiliser 

320  poundn  nitrate  of  soda 
80  pounds  muriate  of  potash 

728 
729 

640  pounds  nitrate  of  soda 
80  pounds  muriate  of  potash 
320  pounds  rock  superpnoaphate 

No  fertiliser 

725 

320  pounds  nitrate  of  soda 
80  pounds  muriate  of  potash 
320  pounds  rock  superphosphate 

730 
731 

NofertUiaer 

10  tons  manure,  1906, 1C07 

726 

No  feHiliser 

732 

20  tons  manure.  1906,  1907 

On  these  plats  samples  of  soil  were  taken,  to  a  depth  of  eight  inches,  at 
intervals  during  the  growing  season  and  after  the  timothy  and  oats  had 
been  removed.  The  entire  twenty-two  plats  were  sampled  on  the  same 
day  or  on  two  consecutive  days.  The  samples  were  removed  from  the 
earth  by  means  of  a  soil  auger.  Twelve  borings  were  removed  from  each 
plat  and  thoroughly  mixed  on  an  oilcloth  surface,  and  a  pint  sample  was 
placed  in  a  glass  jar.  The  sample  was  brought  to  the  laboratory  and 
moisture  and  nitrates  were  determined  —  the  former  by  drying  to  constant 
weight  at  the  temperature  of  boiling  water;  the  latter  by  the  phenol- 
disulfonic-acid  method,  comparisons  with  a  standard  nitrate  solution 
bepg  made  by  means  of  the  colorimeter  designed  by  Schreiner. 

In  1908  and  1909,  when  the  plats  were  planted  to  maize  and  oats, 
respectively,  an  implanted  space  was  left  for  twenty-five  feet  on  the  south 
end  of  each  plat.  This  unplanted  space  was  cultivated  when  the  plats 
were  in  maize,  receiving  the  same  cultivation  as  did  the  planted  part  of 
the  plat.  When  the  plats  were  in  oats  the  unplanted  space  was  kept  free 
from  weeds  by  scraping  i^dth  a  hoe.  Soil  samples  were  taken  from  the 
planted  and  the  unplanted  sections  of  each  plat  on  the  same  dates,  which 
permits  of  a  comparison  of  the  effect  of  a  certain  soil  treatment  on  the 
uncropped  as  well  as  on  the  cropped  soil.  It  also  serves  to  show  the  rela- 
tion of  the  crop  to  the  nitrates  in  the  soil,  which  is  a  very  important  factor 
in  their  occurrence. 

In  Table  2  is  given  a  statement  of  the  nitrate  content  of  the  planted  part 
of  each  plat  on  the  dates  sampled,  during  the  three  years.    At  the  foot 
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of  the  table  is  the  average  for  all  plats  on  the  dates  analyzed,  and  below 
that  is  the  average  for  all  unfertilized  and  unmanured  plats.  The  last, 
by  eliminating  the  effect  of  nitrate  fertilizers,  is  a  better  index  to  the 
normal  course  of  nitrification  than  is  the  average  of  all  the  plats. 

The  timothy  had  been  on  the  land  for  two  years  previous  to  1907  and 
there  was  a  good  stand.  Commercial  fertilizers  had  been  added  to  each 
of  the  previous  crops,  and  farm  manure  once.  For  the  crop  of  1907,  farm 
manure  was  applied  as  a  toi>-dressing  on  October  2,  1906,  to  the  plats 
designated  in  Table  1,  and  commercial  fertilizers  were  applied  on  April  23 
and  24,  1907.  Soil  samples  were  taken  on  April  23,  immediately  before 
the  fertilizers  were  applied.  The  timothy  was  cut  on  July  23  and  samples 
for  nitrates  were  taken  the  next  day.  The  maize  was  planted  on  May  29 
and  cut  on  September  24.  No  fertilizer  nor  manure  was  applied  to  either 
the  maize  or  the  oats.  The  oats  were  drilled  in  on  April  23,  the  day  fol- 
lowing the  first  sampling  for  nitrates.  They  were  harvested  on  August  6 
and  samples  were  taken  on  the  following  day. 

Seasonal  range  of  nitrates  under  timothy,  maize,  and  oats 

A  striking  feature  of  the  nitrate  content  of  the  timothy  plats  is  the  imi- 
formity  and  scarcity  of  nitrates  throughout  the  growing  season.  In  all 
except  the  nitrate-fertilized  plats  the  nitrate  content  was  higher  in  April 
and  August  than  during  the  period  of  more  active  growth.  The  land  had 
not  been  plowed  for  two  years  and  was  covered  with  a  thick  sod,  neither 
of  which  conditions  was  favorable  for  nitnfication.  The  sea^fK>nal  range 
of  nitrates  imder  timothy  resembled  that  under  alfalfa  in  the  experiments 
of  King  and  Whitson  and  in  those  of  Stewart  and  Greaves.  During  the 
first  half  of  May,  when  growth  first  became  active,  there  was  a  tendency 
for  the  nitrates  to  increase,  a^  is  shown  by  the  analyses  of  May  3  and  May 
14;  there  was  then  a  decrease  during  the  remainder  of  May  and  during 
June,  with  a  slight  increase  at  the  time  of  harvest  which  was  continued 
in  the  middle  of  August  when  the  aftermath  was  growing. 

The  timothy  sod  was  plowed  under  in  the  autumn  of  1907,  but  nitri- 
fication had  not  proceeded  very  rapidly  up  to  the  time  of  the  first  analyses 
on  May  19,  1908.  The  most  noticeable  increase  was  between  July  6  and 
July  27,  1908.  At  the  latter  date  there  was  a  very  large  accumulation  of 
nitrates  in  the  soil,  probably  the  maximum  of  the  season.  This  period  of 
SO 
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active  nitrification  was  also  the  time  during  which  the  maize  was  making 
its  most  active  growth.  The  weather  was  warm  and  very  favorable  for 
the  growth  of  maize,  which  was  an  imusually  good  crop  this  year.  It  is  a 
striking  fact  that  in  spite  of  the  pronounced  growth  of  the  maize  at  this 
time  the  nitrates  increased  at  a  rate  which  gave  no  appearance  of  their 
being  used  by  the  crop.  The  nitrate  content  under  the  crop  and  on  the 
implanted  soil  is  shown  graphically  in  Diagram  I. 

Between  July  28  and  August  10  there  was  a  perceptible  decline  in  the 
nitrate  content,  and  between  August  10  and  September  17  this  decline 
was  very  marked.  It  is  strange  that  the  diminution  in  nitrates  should 
take  place  after  that  period  of  growth  during  which  the  maize  plant  has 
been  shown  to  absorb  fully  one  half  of  the  nitrogen  that  it  utilizes. 

The  analyses  of  April  22,  1909,  which  were  made  before  the  oats  were 
planted,  show  a  much  higher  nitrate  content  in  the  soil  in  the  spring  fol- 
lowing maize  than  in  that  following  timothy,  although  the  analyses  were 
made  nearly  a  month  earlier  in  1909  than  in  1908.  Between  April  22  and 
June  24  there  was  a  considerable  loss  of  nitrates,  as  is  to  be  expected  in 
view  of  the  fact  that  the  nitrogen  absorption  of  the  crop  is  greatest  at  that 
time.  The  lowest  figures  for  nitrates,  however,  were  on  July  12  and 
August  7,  although  the  crop  could  not  have  been  making  very  heavy 
drafts  on  the  former  date  and  had  been  harvested  before  the  latter  date, 
and  in  the  face  of  the  fact  that  nitrification  was  at  its  maximum  at  those 
dates  under  the  maize  crop. 

It  would  seem  as  if  nitrate  production  is  most  pronounced  during  the 
active  growth  of  the  crop  on  the  soil,  and  decreases  with  the  less  vigorous 
growth  of  the  crop.  The  characteristic  relations  of  the  nitrate  content  of 
the  soil  under  timothy,  maize,  and  oats  are  shown  in  Diagram  II. 

Nitrates  on  the  planted  and  the  unplanted  sections  of  the  plats 

As  before  stated,  a  part  of  each  plat  was  left  implanted  in  1908  and 
1909,  but  was  otherwise  given,  as  closely  as  possible,  the  same  treatment 
as  was  given  to  the  planted  section  of  the  plat.  When  the  planted  section 
of  the  plat  was  in  maize  the  implanted  section  was  given  the  same  culti- 
vation; when  oats  were  growing  on  the  planted  section,  the  implanted 
section  was  kept  free  from  weeds  by  scraping  the  surface  with  a  hoe. 
In  1908  unplanted  sections  were  maintained  on  the  north  as  well  as  on 
the  south  end  of  each  plat  for  a  distance  of  twenty-five  feet  from  each  end . 
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When  the  unplanted  section  at  the  north  end  was  sampled,  the  north  half 
of  the  planted  area  was  sampled  on  the  same  date;  and  the  same  was  done 
with  the  south  part  of  the  plat.  The  north  and  south  halves  were  sampled 
alternately.  In  1909  all  samples  were  taken  from  the  south  halves  of  the 
plats,  the  unplanted  and  the  planted  parts  corresponding  exactly  with 
those  of  the  previous  year.  These  are  referred  to  as  "  north  ends," 
"  south  ends,"  "  north  middles,"  and  "  south  middles." 

A  comparison  of  the  nitrate  content  of  the  unplanted  and  the  planted 
sections  of  the  same  plat  serves  to  indicate  what  has  been  the  eflfect  of 
the  crop  on  the  nitrate  content  of  the  soil.  These  figures  for  the  years 
1908  and  1909  are  given  in  Table  3. 

A  striking  feature  of  the  nitrate  content  of  the  soil  during  the  growth 
of  maize  is  the  close  agreement  between  the  nitrates  in  the  planted  and 
those  in  the  unplanted  sections  of  the  plats.  This  is  particularly  notice- 
able in  the  analyses  of  July  27,  previous  to  which  the  maize  crop  must  have 
absorbed  about  one  half  of  its  nitrogen,  judging  by  what  is  known  of  the 
life  history  of  the  plant.  .  The  previous  heavy  draft  on  soil  nitrates  is 
indicated  by  the  analyses  of  June  22  and  July  6,  which  show  a  lower 
nitrate  content  in  the  planted  sections  of  the  plats.  The  analyses  of  July 
27  indicate  either  that  the  production  of  nitrates  is  proceeding  much  more 
rapidly  in  the  cropped  than  in  the  imcropped  soil,  or  that  the  maize  crop 
is  absorbing  part  of  its  nitrogen  in  some  form  other  than  as  nitrates. 

The  analyses  of  August  10  show  a  decline  of  the  nitrates  on  the  planted 
areas,  while  on  the  unfertilized  plats  the  nitrates  still  continue  to  increase 
on  the  unplanted  spaces.  From  the  standpoint  of  nitrogen  utilization  by 
the  crop,  the  decline  in  nitrates  at  this  late  date  is  difficult  to  explain. 

The  analyses  of  April  22,  1909,  made  before  the  oats  were  planted,  show 
a  continuation  of  the  more  rapid  decline  on  the  maize  land  than  on  the 
uncropped  spaces.  The  next  analyses,  June  24,  show  a  marked  decline 
in  the  nitrate  content  of  the  cropped  sections  of  the  plats,  as  do  also  those 
of  July  12.  By  the  latter  date  the  nitrogen  utilized  by  the  oat  crop  has  in 
large  part  been  absorbed.  The  last  analyses,  however,  on  August  7,  show 
a  still  greater  decrease  in  the  nitrate  content,  when  a  partial  recovery 
might  be  expected  and  when  the  nitrate  content  of  the  imcropped  soil  has 
made  a  very  great  increase. 

Comparing  the  two  crops,  the  following  facts  are  significant: 

(1)  When  nitrification  is  at  its  maximum  in  the  maize  land  the  cropped 
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soil    on    the    unfertilized    plats    contains   more  nitrates  than  does  the 
nncropped  soil. 

(2)  In  oat  land  the  nitrates  are  never  so  high  in  the  cropped  as  in  the 
uncropped  soil. 

(3)  While  the  maximum  nitrate  content  in  the  imcropped  soil  occurred 
at  about  the  same  dates  in  both  years,  that  in  the  cropped  soil  varied  with 
the  crops. 

(4)  Under  both  crops  the  nitrate  content  was  higher  during  the  period 
when  the  crop  was  making  its  greatest  draft  on  the  soil  nitrogen  than  in 
the  later  stages  of  growth,  and  this  in  spite  of  the  fact  that  the  nitrates  in 
the  uncropped  soil  were  increasing  while  those  in  the  cropped  soil  were 
disappearing. 

These  phenomena  are  explainable  on  the  assumption  that  nitrification 
is  stimulated  by  some  processes  connected  with  the  active  growth  and 
absorbing  fimctions  of  the  plant  roots,  and  is  inhibited  by  the  conditions 
accompanjong  the  decreasing  activities  of  the  roots. 

Aside  from  the  influence  of  cultivation  and  nitrogen  absorption,  the 
reason  for  the  large  differences  in  the  nitrates  under  these  crops,  as  well 
as  under  the  com,  potatoes,  alfalfa,  and  oats  grown  by  King  and 
Whitson  and  by  Stewart  and  Greaves,  may  be  sought  in  the  inherent 
differences  between  plants  of  diflferent  species  as  regards  their  stimulating 
or  inhibiting  effect  on  nitrate  formation.  Another  factor  that  may  be 
operative  in  determining  the  quantity  of  nitrates  is  the  habit  of  the 
plant  in  respect  to  the  form  in  which  it  absorbs  nitrogen.  It  is  con- 
ceivable that  a  plant  may  induce  an  active  nitrification  in  the  soil  and' 
yet  absorb  its  nitrogen  largely  in  the  form  of  organic  nitrogen. 

The  response  of  diflferent  plants  to  nitrogen  in  diflferent  forms  indicates 
a  difference  in  their  abilities  to  utilize  this  material  when  in  certain  com- 
poimds.  For  instance,  grass  makes  a  quick  and  effective  response  to 
sodium  nitrate,  and  the  nitrate  content  of  the  soil,  unless  heavily  dressed 
with  nitrate  fertilizer,  is  maintained  at  a  very  low  point.  Oats  are  less 
responsive  to  the  nitrate  fertilizer  and  do  not  reduce  the  nitrate  content 
of  the  soil  so  low.  Maize  is  but  little  afifected  by  a  nitrate  fertilizer,  while 
it  is  greatly  benefited  by  fresh  applications  of  farm  manure.  The  nitrates, 
meanwhile,  are  present,  apparently  greatly  in  excess  of  the  needs  of  the 
plant. 
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RekUion  of  nitrates  to  soil  moisture  on  the  plats 

Moisture  determinations  were  made  in  all  soil  samples  in  which  nitrates 
were  determined;  in  addition,  daily  determinations  of  moisture  were  made 
in  certain  of  the  unfertilized  plats  during  the  summers  of  1907  and  1908. 
It  was  thought  that  a  record  of  the  moisture  content  for  a  period  preceding 
the  nitrate  determinations  would  show  the  relation  between  soil  moisture 
and  nitrate  formation  better  than  would  a  statement  of  the  moisture  con- 
tent on  the  day  on  which  nitrates  were  determined.  The  nitrate  content 
and  the  average  moisture  content  of  the  soil  for  the  time  intervening 
between  the  dates  on  which  nitrates  were  determined  are  given  in  Table  4: 

TABLE  4.    Averages  of  Daily  Drterminations  of  Soi^  Moisture  for  the  Periods 
Intervening  between  Nitrate  Determinations  oi<  Cropped  Soil 


Timothy,  1907 


June  4  to  6 

June  7  to  13 

June  14  to  20 

June  21  to 
July  24 

July  25  to 
August  14 

put 

711 

720 

711 

720 

711 

720 

711 

720 

711 

7?0 

Moisture  (percentage) 

Nitrates  (parts  per  million) 

22.8 
3 

26.3 
2 

23,4 
5 

26.3 
2 

23.8 
4 

27.0 

1 

21.7 
6 

25.1 
3 

17.9 

7 

21.2 
6 

Maise.  1908 


1 
June  2  to  22 

June  23  to 
July  6 

July  7  to  27 

July  28  to 
August  10 

Plat 

711 

720 

711 

720 

711 

720 

711 

720 

Moisture  (percentage) 

22.7 
40 

22.6 
31 

21.1 
62 

21.5 
102 

24.0 

182 

25.3 
211 

22.1 
162 

22.8 

Nitrates  (parts  per  million) 

136 

In  1907  the  moisture  content  was  perceptibly  lower  and  the  nitrates 
were  higher  in  plat  711  than  in  plat  720.  In  1908  there  was  little  dif- 
ference in  moisture  in  the  two  plats  and  no  consistent  difference  in 
nitrates.  In  the  latter  part  of  July  and  the  first  part  of  August  there 
was  a  decrefiu*e  in  moisture  content  in  both  plats  each  year;  in  1907  this 
was  accompanied  by  an  increase  in  nitrates,  while  in  1908  a  decrease  in 
nitrates  occurred.  The  drying  out  of  the  soil  and  consequent  aeration 
does  not  appear  to  produce  the  same  result  in  both  cases,  from  which 
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it  may  be  taken  for  granted  that  factors  other  than  this  are  more  impor- 
tant in  nitrate  formation.  These  figures  are  shown  graphically  in  Dia- 
gram I. 

Changes  in  soil  moisture. —  While  the  gradual  changes  in  soil  moisture 
content  that  have  been  examined  do  not  appear  to  have  constituted  an 
important  factor  in  promoting  nitrate  formation  —  at  least  not  sufficient 
to  prevail  over  other  influencing  conditions  —  the  question  arises  whether 
the  more  frequent,  although  less  marked,  changes  in  moisture  content 
due  to  the  effect  of  transpiration  from  the  plant  in  drying  out  the  soil 
between  rains  would  not  cause  greater  nitrification  on  the  planted  than 
on  the  unplanted  sections  of  the  plats. 

Analyses  made  in  the  course  of  the  experiments  here  described  give 
the  daily  moisture  content  of  the  planted  sections  on  certain  plats 
throughout  the  growing  season.  There  were  also  moisture  determinations 
made  in  each  of  the  soil  samples  in  which  nitrates  were  determined, 
and  these  show  to  what  extent  the  cropped  soils  dried  out  as  compared 
with  the  uncropped  soils.    These  data  are  given  in  tables  5  to  7: 


TABLE  5. 

Daily  Dete^inations  op 
(Percentage 

Moisture  in  Soil  under  Timothy,  1907 
OF  Dry  Soil) 

Date 

Plat  711 

Plat  720 

Plat  728 

Plat  729 

6 

June 

23.3 
30.7 
25.0 
21.2 
20.9 
19.3 
19.0 
18.9 
23.0 
14.9 
30.3 
37.2 
35.1 
21.0 
18.7 
18.6 
22.4 
22.8 
20.6 
19.4 

27.3 
32.6 
27.5 
23.4 
23.7 
24.5 
23.0 
23.4 
24.6 
18.6 
32.6 
40.0 
38.8 
24.0 
22.1 
22.4 
24.6 
20.3 

"*2i;7 

25.0 
29.9 
24.5 
20.7 

****26!6 
18.9 
17.6 
20.6 
16.6 
31.0 
37.1 
36.8 
22.2 
19.3 
17.3 
21.9 
18.6 
19.6 
17.7 

27  5 

7 

34  5 

8 

28  0 

11 

23  4 

12 

23  4 

13 

23.3 

14 

21  7 

15 

22  8 

17 

25.4 

18 

18  9 

19 

32  4 

20 

41.8 

21 

40  2 

22 

25.6 

24 

22  8 

25 

23  6 

26 

27.3 

27 

23  8 

28 

25  3 

29 

22.2 
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TABLE  5  (continwd) 


Date 

put  711 

put  720 

put  728 

put  729 

July 
1 

26.4 
27.5 
25.6 
24.2 
22.6 
20.0 
19.6 
18.7 
19.4 
25.9 
26.4 
23.3 
20.9 
20.0 
21.9 
18.9 
18.7 
19.0 
15.6 
16.0 
16.8 
16.6 
15.6 
14.9 
14.5 

16.1 
20.1 
21.0 
21.3 
19.7 
19.4 
18.6 
18.7 
18.9 
17.5 
18.3 
16.6 
15.7 
16.2 
15.2 
14.8 
12.4 

29.7 
31.0 
28.2 
27.0 
25.4 
23.7 
23.6 
20.7 
20.6 
31.2 
29.2 
26.1 
23.4 
24.2 
25.1 
22.1 
22.6 
20.9 
20.9 
20.1 
20.0 
19.3 
19.7 
18.7 
21.2 

19.4 
25.3 
23.3 
22.6 
24.2 
23.0 
21.9 
22.6 
21.0 
19.9 
19.3 
20.1 
17.9 
17.3 
17.2 
16.4 
16.5 

28.2 
29.3 
27.5 
25.3 
24.0 
23.3 
21.6 
19.3 
20.9 
29.9 
28.2 
23.7 
23.3 
23.7 
23.7 
19.7 
20.3 
20.4 
19.0 
18.7 
19.6 
16.0 
17.6 
16.8 
17.6 

17.6 
23.4 
23.8 
23.0 
24.0 
22.6 
22.6 
22.2 
20.9 
20.4 
21.0 
18.7 
17.6 
17.7 
16.4 
13.3 
15.2 

31.0 

2 

29.5 

3 

27.5 

5 

27.0 

6 

25.7 

8 

23.8 

9 

23.7 

10 

21.6 

11 

19.7 

12 

30.2 

13 

29.2 

15 

26.6 

16 

24.0 

17 

26.1 

18 

26.4 

19 

22.1 

20 

22.1 

22 

24.2 

23 

22.5 

24 

21.2 

26 

21.7 

27 

20.7 

29 

21.3 

30 

20.0 

31 

19.6 

August 

21.2 

2 

25.6 

3 

24.6 

6 

23.6 

6 

25.4 

7 

23.1 

8 

23.6 

9 

23.1 

10 

12 

13 

22.5 
19.1 
21.2 

14 

20.1 

15.. 

19.9 

16 

18.9 

17 

17.5 

19 

15.0 

20 

16.3 
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TABLE  6.    Daily  Determinations  of  Moisture  in  Soil  under  Maize,  1908 
(Percentage  of  Dry  Soil) 


Date 

Plat  711 

Plat  720 

Plat  728 

Plat  729 

June 
2 

27.3 
25.1 
26.1 
24.6 
23.8 
21.9 
20.3 
20.9 
22.1 
20.3 
23.6 
22.5 
21.6 
20.0 
22.1 
21.5 
21.0 
21.5 
20.6 
20.6 
21.7 
20.1 
21.6 

21.5 
20.7 
21.3 
20.9 
23.1 
22.5 
24.0 
26.8 
23.1 
21.0 
22.5 
21.7 
21.7 
26.4 
26.4 
24.2 
28.8 
26.8 
24.8 
23.6 
23.4 
22.4 

26.8 
25.7 
24.0 
24.8 
24.5 
21.2 
21.6 
21.7 
21.5 
20.9 
21.5 
23.4 
22.4 
20.7 
21.0 
21.2 
22.6 
21.7 
21.5 
21.3 
21.2 
20.9 
21.7 

21.2 
21.5 
21.2 
21.0 
23.4 
22.6 
21.7 
26.7 
25.1 
23.6 
24.2 
22.8 
22.6 
29.7 
28.8 
26.8 
30.3 
28.5 
27.0 
25.1 
24.2 
22.5 

26.5 
26.1 
25.0 
24.5 
23.6 
22.2 
22.8 
22.6 
21.7 
21.2 
23.8 
23.4 
22.8 
22.8 
21.3 
22.4 
22.2 
22.2 
23.3 
22.6 
23.1 
23.3 
22.5 

22.6 

■"*22!4 
21.5 
24.6 
23.8 
21.7 
27.5 
24.2 
23.7 
24.2 
23.8 
23.7 
28.7 
27.-8 
26.5 
31.9 
26.7 
27.2 
25.1 
24.2 
24.3 

26.5 

3 

24  2 

4 

24  2 

6 

23.8 

6 

23  3 

•8 

9 

20.3 
21  3 

10 

21  5 

11 

20  6 

12 

21  2 

13 

20  7 

16 

22  8 

17 

22  4 

19 

22  1 

20 

22 

20.7 
20  9 

23 

21  5 

24 

21  3 

25 

21  5 

26 

21  5 

27 

21  7 

29 

20  6 

30 

21  3 

July 

20  7 

2 

3 

20  0 

7 

20.9 

8 

23  1 

9 

22  1 

11 

21.3 

13 

26  1 

16 

25  0 

16 

23  3 

18 

22  8 

20 

22  2 

21 

22  6 

22 

28  0 

23 

27.2 

24 

25  6 

25 

27  8 

27 

26  7 

28 

27  5 

29 

23  0 

30 

22  8 

31 

22.1 
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TABLE  6  (eoTdinuel) 


Date 


put  711 

Plat  720 

19.3 

19.9 

18.7 

20.3 

23.0 

21.9 

22.1 

23.1 

24.5 

25.6 

21.0 

20.7 

20.9 

21.0 

18.2 

19.0 

21.3 

22.2 

22.5 

22.4 

21.2 

22.4 

21.6 

21.7 

20.0 

21.0 

Plat  728 


put  729 


August 

3 

4 

6 

6 

8 

11 

12 

13 

14 

18 

19 

20 

21 


21  0 
21  3 

23  4 

24  6 

25  7 
23.1 
23  0 
21.6 
23.1 
24.5 
24.6 
23.0 
21.9 


19.6 
19.1 
23  0 
23  1 
25.9 
23.0 
21.3 
20.9 
22.2 
24.2 
21.7 
21.7 
21.7 


TABLE  7.    Average  Moisture  Content  for  Planted  and  Bare  Sections  of  Maize 
Plats  on  Dates  Designated  (Percentage  of  Dry  Soil) 

Date 

put  711 

Plat  720 

Plat  728 

Plat  729 

Un- 
pUnted 

Planted 

Un- 
planted 

Planted 

Un- 
planted 

Planted 

Un- 
pUnted 

Planted 

June 
3 

27.0 

25.1 



26!3 

'23^3 
'21:6 
'  2l!9 

21^5 

20.6 

''24;6 
2i:7 
22^4 
2L5 

21.2 

25.0 

'  2S.i 

2A.5 

23;i 

23.3 

24^5 

"2i;7 

''22'8 
22^6 

"22:6 
21^ 
21  0 
22^1 

'2i:3 

4 

5 

6 

23  3 

9 

21.6 

10 

11 

12 

21  2 

16 

17 

23  6 

22.5 

19 

2L5 
2i.'6 

23.i 

20 

24 

22^5 

20.7 

25 

26 

27 

21  7 

30 

21.7 

July 
1 

2 

3 

20  0 

8 

24.6 
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TABLE  7  (continued) 


Date 

Plat  711 

Plat  720 

Plat  728 

Plat  729 

Un- 
planted 

Planted 

Un- 
planted 

Planted 

Un- 
planted 

Planted 

Un- 
planted 

Planted 

July  (coniinu&i) 
9 

"2i.6 

"26.4 

"23;6 

*23;6 
'2i.'3 

23.4 

■23.'4 

''26.'4 

'*22.'6 

**2i.'9 
26.7 

'*23;3 

22.6 

"24!2 

''26.'8 

'24;2 

**23;i 
25.6 

*22;4 

"'23!4 
'25!6 
*3i.'7 
'24;6 

*'23;8 
'24;6 

"2i.'7 

*'23!8 

'3i.*9 

'24.3 

"23!i 
'*24;6 

'28.'2 

'23;6 

"27 .2 

20.0 

'*2i.*7 
*22;i 

11 

13 

26.1 

16 

24.5 

18 

20 

21 

22  6 

23 

28.0 

24 

25 

27 

26.7 

29 

24.5 

30 

31 

August 
3 

19  6 

5 

21.0 

6 

8 

11 

12 

21  3 

14 

23.4 

18 

19 

20 

21  7 

It  is  seen  from  these  tables  that,  while  there  is  considerable  range  in 
the  maximum  and  minimum  moisture  contents  of  these  plats,  the  changes 
are  not  rapid;  at  least,  the  drying-out  process  is  slow,  and  it  is  the  drying 
that  causes  aeration  in  soil.  Furthermore,  it  is  quite  apparent  that  on 
the  maize  soil,  in  which  nitrification  is  most  active,  the  changes  in  the 
moisture  content  of  the  cropped  soil  do  not  differ  greatly  from  those 
on  the  imcropped  soil  on  the  same  dates.  It  is  also  very  evident  that 
the  changes  in  the  moisture  content  continue  throughout  the  summer, 
and  should  therefore  induce  nitrate  formation  during  the  ripening  stage 
of  the  crop  growth  as  well  as  in  the  early  stages;  while  Table  2  shows  that 
nitrate  production  is  greater  on  the  planted  soil  only  during  the  earlier 
stages  of  growth. 
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In  diagrams  I  (page  20),  V  (page  42),  VI  and  VII  (page  52),  XVI 
(page  C4),  XXVI  (page  94),  and  XXVII  (page  95)  the  moisture  and 
nitrate  contents  of  the  soils  for  the  years  1908,  1910,  1911,  and  1912 
are  shown  graphically.  In  these  diagrams  both  moisture  and  nitrates 
in  the  planted  and  the  implanted  sections  of  the  plats  are  shown  for  one 
to  three  crops  each  year.  The  diagrams  serve  to  bring  out  plainly  any 
related  changes  that  may  occur  in  these  two  constituents   of  the  soil. 

These  diagrams  sometimes  show  an  increase  of  nitrates  accompanying 
or  following  a  rise  in  moisture  content,  and  sometimes  a  decrease,  in 
both  the  planted  and  the  unplanted  soil.  A  decrease  in  nitrates  may  be 
due  to  leaching  after  a  very  heavy  rainfall.  This  is  strikingly  shown 
in  the  analyses  following  the  heavy  rain  of  September  1,  1912.  In  most 
of  the  years  included  in  these  records  there  was  a  dry  period  during  the 
latter  part  of  June  or  in  July,  and  at  this  time  the  soil  moisture  usually 
reached  its  minimum.  As  the  soil  moisture  increased  in  August  there  was 
generally  an  increase  in  nitrates  in  the  unplanted  soil;  in  the  planted 
soil,  however,  there  was  much  less  regularity  in  this  relation  and  it  varied 
with  the  kind  of  plant  grown  on  the  soil.  The  nitrates  in  oat  soil,  for 
instance,  were  usually  not  influenced  by  an  increase  in  moisture  content, 
while  under  maize  they  sometimes  responded  to  such  an  increase. 


Some  rdations  between  soil  temperature  and  nitrate  formation 

Records  were  kept  of  the  soil  temperatures  taken  daily  at  4.30  p.  m. 
during  the  growing  seasons  of  1907  and  1908,  at  a  depth  of  six  inches  on 
certain  unfertilized  plats.  In  Table  8  are  given  the  average  temperatures 
for  the  periods  between  the  dates  on  which  nitrates  were  determined, 
also  the  nitrate  content  at  the  end  of  the  period: 

TABLE  8.    Averages  or  Daily  Soil  Tkuperaturbs  at  Depth  of  Six  Inches  for  the 
Periods  Intervening  between  Nitrate  Determinations  on  Cropped  Soil 


Timothy,  1907 


June  7  to  13 

June  14  to  20 

June  21  to 
July  24 

Plat    

711 

720 

711 

720 

711 

720 

TemDerature  (^Fahrenheit) 

60.0** 
5 

60.5° 
2 

65.3** 
4 

66.5*' 

1 

68. r 

5 

69.2** 

Nitrates  (oarts  oer  millioD) 

3 
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TABLE  8  (continued) 


Maise,  1908 

June  2  to  22 

June  23  to 
July  6 

July  7  to  27 

July  28  to 
August  10 

Plat 

711 

720 

711 

720 

711 

720 

711 

720 

Temperature  (Fahrenheit) . . 
Nitrates  (parts  per  million) . 

66. 8** 
40 

65.9^ 
31 

62 

60.8° 
102 

69. 4° 
182 

69.8° 
211 

72.2° 
162 

71.  r 

136 

In  the  year  1907  the  nitrates  were  fairly  constant  in  amount  through- 
out the  season  in  these  plats,  in  spite  of  changes  in  soil  temperature. 
This  is  probably  because  of  the  heavy  draft  of  the  timothy  crop  on  the 
soil  nitrates.  In  1908  the  nitrates  increase  in  quantity  up  to  July  27, 
although  the  average  temperature  from  July  6  to  that  date  is  practi- 
cally constant.  From  July  28  to  August  10  there  is  a  marked  rise  in 
temperature  in  both  plats,  but  it  is  accompanied  by  a  decrease  in  nitrates. 
The  temperatures  reached  in  these  plats  are  not  high  enough  to  have  any 
depressing  effect  on  nitrification,  as  has  been  demonstrated  by  many 
experiments. 

In  diagrams  I  (page  20),  V  (page  42),  VI  (page  52),  and  XVI  (page 
64)  are  shown  the  daily  mean  air  temperatures,  and  in  some  seasons  the 
daily  soil  temperatures,  and  the  nitrate  contents  of  the  soil  for  the  years 
1908,  1910,  1911,  and  1912.  In  the  unplanted  soil  the  nitrates  usually 
increased  in  the  spring  with  the  rise  in  temperature.  This  continued 
until  July,  after  which  there  wa.s  apparently  little  relation  between  tem- 
perature and  nitrate  content  until  late  autumn.  For  instance,  in  1911 
and  1912  there  was  a  decrease  in  the  temperatures  from  the  first  half 
of  July  to  the  end  of  August,  while  the  nitrate  content  of  the  unplanted 
soil  increased  steadily  during  that  period.  The  planted  soil  cannot  be 
said  to  show  any  consistent  relation  between  temperature  and  nitrate 
content  during  midsummer. 

Experiments  with  maize  in  which  other  plants  were  sown 
In  1907  and  1908  certain  plats  were  planted  to  maize,  between  the  rows 
of  which  the  seeds  of  other  plants  were  sown  broadcast.    A  part  of  each 
plat  was  not  planted  to  maize,  but  when  the  other  seed  was  sown  between 
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the  maize  rows  it  was  sown  also  on  the  part  of  the  plat  on  which  no  maise 
was  planted.  In  1907  maize  was  in  the  center  section  of  the  plat 
and  the  sections  not  planted  to  maize  were  on  the  two  ends.  In  1908 
maize  was  on  the  end  sections  and  the  soil  in  the  middle  was  left  im- 
planted. These  plats  were  not  on  the  same  soil  in  1908  as  in  1907. 
In  1907  the  plats  were  on  a  sandy  soil,  while  in  1908  they  were  on  the 
clay  loam  on  which  the  experiments  already  discussed  were  conducted. 
The  arrangements  of  these  plats  are  shown  in  diagrams  III  and  IV. 

The  soil  samples  were  taken  with  a  soil  auger  to  the  depth  of  seven 
inches.  E^h  sample  in  1907  was  obtained  in  the  following  manner: 
six  borings  were  taken,  carefully  mixed  on  a  tablet  in  the  field,  placed 
in  a  tightly  closed  jar,  and  carried  to  the  laboratory  for  moisture  and 
nitrate  determinations.  In  1908  four  borings  were  made  in  each  end  of 
the  plat,  the  eight  borings  from  the  two  ends  of  the  same  plat  were  mixed, 
and  a  part  was  taken  as  a  sample.  Samples  from  the  middles  were  com- 
posed of  six  borings. 

Experimenls  with  maize,  millet,  and  soy  beans  in  1907 

Maize  was  planted  in  hills  three  feet  apart  each  way.  Five  kernels 
were  planted  in  each  hill  and  these  were  later  thinned  to  three  stalks 
in  a  hill.  Millet  was  sown  on  the  ends  of  certain  plats  and  soy  beans 
on  the  ends  of  other  plats.  These  were  sown  when  the  maize  was  culti- 
vated on  the  dates  stated  in  Table  10.  Every  third  plat  was  a  check 
plat  and  was  planted  only  to  maize,  the  weeds  in  these  check  plats  being 
kept  down  by  cultivation.  The  unplanted  ends  received  the  same  culti- 
vation as  the  remainder  of  the  plat.  Nitrates  on  the  planted  and  the 
implanted  sections  are  given  in  Table  9. 

The  analyses  were  all  made  late  in  the  growing  season,  when  the  growth 
of  maize  had  reduced  the  nitrate  content  in  the  planted  sections  below 
that  in  the  bare  sections.  The  nitrate  content  of  the  unplanted  soil  is 
fairly  constant  until  late  in  the  season,  when,  conditions  in  September 
evidently  being  favorable  for  the  process  of  nitrification,  the  average 
for  September  16  shows  that  the  nitrates  in  the  implanted  soil  have  more 
than  doubled  since  the  analyses  of  August  25.  This  may  have  been 
due  to  the  abundant  rainfall  during  the  early  part  of  September,  there 
having  been  2.53  inches  between  September  1  and  September  16,  while 
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TABLE  9.    Nitrates  in  Maub  and  in  Unplanteo  Sbctions  op  Plats  1,  4,  7,  10,  13,  m 

1907  (Pasts  pkb  Million) 


Augusts 

August  19 

August  25 

September  16 

Plat 

Maise 

Un- 
planted 

Maise 

Un- 
planted 

Maise 

Un- 
planted 

Maise 

Un- 
planted 

1 

52 
49 
63 
24 
18 

90 
111 
96 
73 
56 

19 
16 
9 
14 
30 

72 
84 
54 
60 
79 

15 
16 
10 
31 
41 

70 
92 
80 
69 
69 

13 
15 
36 
31 
55 

130 

4 

208 

7 

143 

10 

165 

13 

183 

Average 

41 

85 

18 

68 

23 

76 

30 

166 

there  was  only  .73  inch  between  August  1  and  August  31.  On  September 
9  there  was  a  rainfall  of  1.06  inch;  however,  although  this  soil  is  very 
sandy,  there  could  have  been  little  leaching  of  nitrates  judging  from  the 
nitrate  content  on  September  16. 

Notwithstanding  the  very  favorable  conditions  for  nitrification  and 
the  large  nitrate  content  of  the  implanted  soil,  there  is  practically  no 
increase  of  nitrates  in  the  planted  soil.  This  is  a  striking  exemplification 
of  the  hypothesis  previously  advanced,  namely,  that  at  least  certain 
plants  in  some  way  inhibit  the  fonnation  of  nitrates  in  the  soil  during 
the  later  stages  of  plant  growth.  It  is  certainly  impossible  to  account 
for  the  failure  of  the  nitrates  on  the  cropped  soil  to  increase  by  sup- 
posing that  they  were  leached  out  of  the  topsoil,  as  they  would  not  have 
remained  practically  constant  while  the  nitrates  in  the  uncropped  soil 
doubled. 

The  plats  sown  to  millet  and  to  soy  beans  afford  an  opportunity  to  study 
the  effect  of  these  crops  on  the  nitrate  content  of  the  soil  by  comparing 
the  ends  of  the  plats  which,  as  already  explained,  were  sown  to  either 
millet  or  soy  beans  alone,  with  the  unplanted  ends  of  contiguous  plats. 
Such  a  comparison  is  made  in  Table  10. 

There  seems  to  be  little  tendency  for  the  nitrates  to  increase  imder 

either  of  these  crops  during  the  early  stages  of  growth;  yet  those  crops 

that  were  planted  after  the  first  analysis  was  made,  thus  permitting 

frequent  observation,  display  something  of  this  tendency.     Thus,   on 
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TABLE  10,    Xmuiss  dt  Millbt  ob  Sot  Bkahb  Auomm  amd  a  UvFLonso  Smcnoam  or 
AojACEVT  Plats  oi  1907  (Pastb  pkb  Mnxioff) 


Date 

put  6 

MiOK 

■own 

Ji»el8 

Plat4 
pfamted 

Plat  6 

Millet 

mown 

Jii]j24 

Plat? 
plaated 

Plat8 

Millet 

aowo 

At«nit6 

Plat  10 
plantad 

Plat9 

ls<qrbe» 

1  Pktll 
Sayhtmmm 

Flat  13 
Vn- 

Jabr     0 

85 

M 

79 

99 

100 

54 

99 

5S 

57 

JoIr   15 
JoIr  22 

73 

88 

78 

82 

02 

34 

60 

26 

30 

ao 

110 

114 

78 

101 

84 

76 

74 

82 

July  29 

7 

92 

73 

68 

80 

52 

19 

54 

60 

AuciMt    5 

2 

111 

135 

96 

135 

73 

^      9 

57 

56 

AoftMt  12 

« 

90 

82 

84 

111 

02 

4 

75 

79 

AtHPUtl9 

1 

84 

eo 

54 

84 

50 

3 

55 

79 

Auci»t25 

2 

92 

41 

80 

94 

09 

2 

55 

69 

Bepiember    2 

1 

90 

25 

74 

66 

88 

2 

52 

90 

September  16 

2 

208 

6 

143 

45 

165 

10 

145 

183 

Yield 

Yield 

Yield 

Yield 

Yield 

peraere 

per  acre 

per  acre 

per  acre 

per  acre 

44m 

2J02A 

772 

3.700 

894 

pouade 

pouada 

pounds 

pounds 

pounds 

dry 

dry 

dry 

dry 

diy 

matter 

matter 

matter 

matter 

matter 

comparing  the  nitrates  under  millet  sown  on  July  24  on  plat  G  with  those 
in  the  check  plats  4  and  7,  it  is  seen  that  the  first  determination  of  nitrates 
after  the  millet  was  up  showed  an  increase  in  a'l  three  plats;  but  the 
increase  imder  the  millet  was  62  parts  per  nuiiion,  while  that  imder 
the  checks  was  19  and  28  parts  per  million,  respectively.  The  millet 
sown  on  August  6  did  not  make  much  growth.  The  decrease  in  nitrates 
between  the  analyses  of  August  12  and  August  19  under  the  millet  on 
plat  8  was  27  parts  per  million  as  against  30  and  12  parts  per  million 
on  plats  7  and  10,  respectively.  Plat  9,  on  which  soy  beans  were  sown 
on  July  5,  shows  about  the  same  nitrate  content  at  each  analysis  up  to 
July  22  as  does  its  check,  plat  7;  and  plat  11,  which  was  sown  to  soy 
beans  on  July  24,  continues  about  the  same  as  its  check  until  August  19. 
Neither  crop  can  be  said  to  have  been  associated  with  marked  increase 
in  nitrates  at  any  stage  of  its  growth,  although  the  nitrate  content  of 
the  soil  under  them  does  not  show,  in  early  growth,  the  decrease  that 
would  be  expected. 

There  is  the  same  tendency  for  nitrates  to  continue  at  a  low  figure 
throughout  the  later  part  of  the  season  under  millet,  as  has  already  been 
noted  under  maize  and  oats.  Although  plat  4  shows  an  increase  in 
nitrates  from  96  parts  per  million  on  September  2  to  208  parts  per  million 
on  September  16,  plat  5  shows  practically   no   gain,   notwithstanding 
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the  fact  that  the  absorption  of  nitrogen  by  the  millet  crop  had  practically 
ceased  at  that  time.  The  millet  sowings  of  July  24  and  August  6  show 
the  same  phenomenon. 

Soy  beans  do  not  exhibit  this  property  to  the  same  degree.  Between 
the  dates  mentioned  there  was  a  slight  increase  in  nitrates  under  the 
sowing  of  July  5,  and  a  marked  increase  under  the  sowing  of  July  24. 

♦ 

Experiments  with  maize,  millet,  and  weeds  in  1908 

The  plan  of  experiments  in  1908  was  primarily  the  same  as  that  in  1907; 
soy  beans  were  not  used,  however,  and  there  was  a  difference  in  the 
arrangement  of  the  planted  and  the  unplanted  sections  of  the  plats  and 
in  the  character  of  the  soil,  all  of  which  have  before  been  noted.  Analyses 
were  made  only  on  July  22  and  August  31.  In  Table  11  is  given  a  com- 
parison of  th^  amount  of  nitrates  in  the  planted  and  the  unplanted  sections 
of  the  check  plats,  all  of  which  received  the  same  treatment: 

TABLE  11.    NiTRATBs  IN  Maize  and  in  Unplanted  Sections  on  Plats  1,  4,  7,  10,  19, 
22,  25,  IN  1908  (Parts  per  Million) 


put 

July  22 

August  31 

Maiie 

Unplanted 

Maise 

Unplanted 

1 

85 

66 

78 

75 

172 

140 

140 

66 

60 

64 

09 

102 

143 

101 

99 
90 
107 
105 
112 
99 
126 

79 

4 

82 

7 

79 

10 

48 

19 

82 

22 

75 

25 '. 

76 

Av^rngfl 

108 

86 

105 

74 

The  higher  nitrate  content  of  the  planted  soil  on  July  22  u  in  line 
with  previous  results;  a  similar  relation  on  August  31  is  not,  however, 
as  the  nitrate  content  under  maize  is  usually  low  at  that  time.  The 
growth  of  maize  was  very  poor  on  these  plats,  the  plants  growing  only 
three  or  four  feet  high  and  producing  only  about  one  third  of  a  crop  of 
fodder.  There  was  consequently  a  very  small  absorption  of  nitrogen 
as  compared  with  a  normal  crop. 
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Millet  was  sown  in  the  maize  and  in  the  middles  of  certain  plats,  as  in 
1907,  but  was  not  sown  on  diflferent  dates.  A  miscellaneous  assortment 
of  weed  seeds  was  sown  on  the  ends  and  on  the  middles  of  other  plats. 
In  Table  12  b  shown  the  nitrate  content  of  the  soil  under,  maize  and 
millet  mixed,  under  maize  and  weeds  mixed,  under  millet  alone,  and  under 
weeds  alone: 

TABLE  12.    Nitrates  in  Sections  of  Plats  in  Maize  and  Millet,  in  Maize  and  Weeds, 
IN  Millet  Alone,  and  in  Weeds  Alone,  1908  (Parts  per  Miluon) 


put 

July  22 

August  31 

Maize 

and 

millet 

MUlet 

Maize 

and 

millet 

MiUet 

6 

77 
139 

44 
96 

10 
45 

4 

21 

6 

Maize 

and 

weeds 

Weeds 

Maize 

and 

weeds 

Weeds 

6 

84 

56 

15 

8 

The  yields  of  maize  were  extremely  poor  on  these  plats.  This  is  an 
interesting  condition,  as  it  gives  in  some  eases  about  the  same  yield  of 
maize  and  millet  combined  as  of  millet  alone,  and  the  same  yield  of  maize 
and  weeds  combined  as  of  weeds  alone.    This  is  brought  out  in  Table  13: 

TABLE  13.    Yields  on  Sections  of  Plats  Planted  to  Maize  and  Millet,  to  Maize 
AND  Weeds,  to  Millet  Alone,  and  to  Weeds  Alone  (in  Pounds) 


Plat 

Crop  on  section 

Yield 

of 
maize 

Yield 

of  other 

crop 

Total 
yield  on 
section 

Yield  on 

sectioiiB 

calculated 

to  same 

area 

6 

Maize  and  mill , . . 

Millet 

Maize  and  millet .  . 
MiUet 

4 
3 

50 
42 
44 
34 
23 
18 

54 
42 
47 
34 

29 
18 

36 

21 

42 
31 

34 

6 

Maize  and  weeds .  . 
Weeds 

6 

19 

18 
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The  nitrates  were  imiformly  higher  in  the  soil  planted  to  the  mixture 
than  in  the  soil  planted  to  a  single  crop,  in  spite  of  the  fact  that  the  draft 
on  the  available  nitrogen  must  have  been  nearly  the  same  on  both  sections. 
If  it  is  true  that  the  early  stages  of  plant  growth  favor  nitrification  in 
the  soil,  and  that,  as  indicated  by  results  already  presented,  maize  is 
much  more  effective  in  this  respect  than  is  millet,  the  higher  nitrate 
content  under  the  mixture  of  maize  and  millet  than  under  millet  alone 
is  readily  accounted  for. 

This  experiment,  moreover,  eliminates  the  factor  of  cultivation,  to 
which  the  higher  nitrate  content  under  maize  has  usually  been  ascribed. 
With  the  maize  plats  receiving  no  more  cultivation  than  the  millet  plats 
and  producing  practically  the  same  total  quantity  of  dry  matter,  the  higher 
nitrate  content  of  the  maize  soil  must  be  due  to  some  factor  other  than 
cultivation.  This  again  suggests  the  alternative  of  a  beneficial  influence 
on  nitrate  production,  or  the  utilization  by  the  maize  plant  of  nitrogen 
in  some  other  form  than  that  of  nitrates. 

The  excessive  supply  of  nitrates  in  soU  planted  to  maize 
Another  significant  fact  brought  out  by  a  study  of  the  nitrates 
under  maize  is  the  great  excess  of  nitrates  over  the  apparent  needs  of 
the  plant  during  the  first  half  of  the  growing  season.  Under  oats  and 
millet  there  appears  to  be  an  increase  of  nitrates  during  the  very  early 
stages  of  growth,  but  this  quickly  disappears  as  the  growth  of  the  plant 
proceeds.  Under  grass  there  is  little  or  no  accumulation  of  nitrates  at 
any  stage  during  the  growth  of  the  first  crop  of  the  year.  Under  maize, 
however,  the  nitrates  accumulate  in  apparently  excessive  quantity  up  to 
the  middle  of  the  growing  season,  although  during  this  time  the  crop  is 
growing  actively  and  absorbing  large  quantities  of  nitrogen. 

In  order  to  obtain  some  knowledge  of  the  nitrogen  absorption  during 
that  period  of  the  growth  of  the  maize  plant  when  nitrates  were  accu- 
mulating in  the  soil,  as  compared  with  its  later  growth,  the  figures  obtained 
by  Roberts  and  Wing  (1888  and  1890)  with  the  same  variety  of  maize 
(Pride  of  the  North),  and  in  the  same  field  as  that  in  which  the  experi- 
ments with  maize  and  millet  were  conducted  in  1907,  may  be  quoted. 
In  their  experiment  of  1888  the  maize  was  planted  on  May  7  and  was  out 
of  danger  of  injury  from  frosts  by  September  10.  Parts  of  the  crop 
were  cut  on  different  dates,  weighed,  and  analyzed.    From  the  weights 
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and  the  protein  nitrogen  content  of  the  crop  on  certain  dates,  the  amounts 
of  nitrogen  removed  by  the  plants  on  these  dates  may  be  calculated; 
and  on  the  basis  of  weights  and  analysis  at  final  harvest,  the  proportion 
of  the  total  nitrogen  acquired  by  the  plant  may  be  deduced  for  any  of 
the  dates  on  which  the  cuttings  were  made.  Estimated  in  this  way 
the  maize  plants  had  absorbed  43  per  cent  of  their  nitrogen  on  July  24 
and  63  per  cent  on  August  8.  In  1889  the  maize  was  planted  on  May  12 
and  was  mature  by  September  24.  It  had  acquired  53  per  cent  of  its 
total  nitrogen  on  August  2,  50  per  cent  on  August  17,  and  67  per  cent 
on  August  31.  The  figures  for  1889  are  somewhat  contradictor>',  as  the 
proportion  of  nitrogen  taken  up  on  August  17  was  less  than  that  on 
August  2.  The  figures,  as  a  whole,  indicate  that  at  least  50  per  cent  of 
the  nitrogen  utilized  by  Pride  of  the  North  maize  in  this  locality  in  an 
average  year  is  absorbed  by  the  end  of  July.  Referring  to  Table  3,  it 
will  be  seen  that  on  July  27  the  nitrate  content  of  the  soil  under  maize  on 
the  unfertilized  plats  was  194  parts  per  million,  while  that  on  the  culti- 
vated soil  on  which  no  plants  grew  was  181  parts  per  million.  Even  as 
late  as  August  10  the  nitrate  content  under  the  maize  on  these  plats  was 
181  parts  per  million,  and  on  the  unplanted  soil  it  was  191  parts  per  million. 
It  is  to  be  expected  that  there  would  be  a  large  accumulation  of  nitrates 
in  the  cultivated  and  imcropped  soil,  but  why  this  should  be  true  of  the 
soil  carrying  a  heavy  crop  of  maize,  practically  one  half  of  the  nitrogen 
of  which  had  been  absorbed,  it  is  difficult  to  imderstand.  The  formation 
of  nitrates  during  this  period  must  have  proceeded  with  tremendous 
activity  if  nitrates  were  the  source  of  nitrogen  supply  for  the  crop. 

Some  conditions  indicate  that  maize,  at  least  during  part  of  its  period 
of  growth,  utilizes  nitrogen  rather  largely  in  forms  other  than  as  nitrates. 
Ammonification  apparently  never  proceeds  more  rapidly  than  nitrifi- 
cation in  this  soil,  which  would  bar  that  form  of  nitrogen  as  a  very  con- 
siderable source  of  supply.  Organic  nitrogen  in  some  of  its  soluble  forms 
is  the  only  remaining  alternative.  The  great  benefit  derived  by  maize 
from  the  application  of  farm  manure  suggests  the  possible  use  of  nitrogen 
in  this  form. 

During  the  later  growth  of  the  maize  plant  there  is  a  large  falling-off 
in  the  nitrate  content  of  the  soil  under  the  plants  as  compared  with  that 
in  the  implanted  soil.  This  indicates  either  that  nitrates  are  absorbed 
by  maize  in  large  quantities  during  the  period  of  growth  in  which  it  is 
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obtaining  the  second  half  of  its  nitrogen  supply,  or  that  nitrate  formation 
is  depressed  at  that  time. 

Nitrates  in  soil  planted  to  maize j  potatoes,  and  oats 
Experiments  in  1910 

During  the  growing  season  of  1910,  determinations  of  nitrates  were 
made  under  maize,  potatoes,  and  oats.  These  were  from  four  plats 
planted  to  each  crop,  of  which  two  plats  were  limed  and  two  were  unlimed. 
An  unplanted  strip  ran  through  the  center  of  each  plat.  Soil  samples 
were  taken  on  the  planted  and  on  the  unplanted  sections  of  each  plat.  The 
sections  are  designated  as  "north  ends,"  "middles,"  and  "south  ends." 
The  north  ends  and  the  south  ends  were  both  planted;  the  middles  grew 
no  crop,  but  were  given  the  same  soil  treatment  as  the  remainder  of  the 
plat.  This  consisted  in  cultivation  on  the  maize  and  potato  plats  and 
in  scraping  the  surface  on  the  oat  plats.  Soil  samples  were  taken  to 
a  depth  of  four  feet  on  the  north  ends  and  on  the  middles,  but  to  a  depth 
of  only  one  foot  on  the  south  ends,  except  on  May  12,  when  composite 
samples  from  the  north  ends  and  the  south  ends  were  analyzed. 

The  soil  on  which  these  plats  were  located  was  a  heavy  clay  loam  in 
the  same  field  as  that  in  which  most  of  these  experiments  have  been 
conducted.-  This  particular  piece  of  land  was  not  uniform  as  regards 
either  production  of  crops  or  nitrates.  Fortunately  each  crop  was  grown 
on  four  separate  plats,  and  in  spite  of  irregularities  in  single  plats  the 
average  of  the  four  plats  in  each  crop  gives  fairly  concordant  results. 

The  weather  during  the  growing  season  of  1910  was  drier  than  normal 
and  the  early  part  of  the  season  was  unusually  cool.  The  yield  of  oats 
and  of  potatoes  was  about  the  average,  but  the  maize  crop  was  very 
poor.  The  small  maize  crop  was  due  to  the  soil  rather  than  to  the  weather, 
as  no  manure  had  been  applied  and  this  soil  does  not  produce  good  yields 
of  maize  unless  it  is  well  manured.  It  will  be  noticed  from  Table  14 
that  the  nitrates  imder  maize  reached  over  a  hundred  parts  per  million 
in  the  surface  foot  of  soil;  yet,  in  spite  of  this  large  quantity  of  soluble 
nitrogen,  the  crop  was  very  poor.  Potatoes  and  oats  made  a  much  better 
growth  and  reduced  the  nitrates  considerably  lower.  This  is  another 
example  of  the  slight  response  of  maize  to  nitrates  on  this  soil. 

Planting  was  done  on  the  following  dates:  oats  (White  Russian)  on 
April  28;  potatoes  (Enterprise)  on  May  16;  maize  (Pride  of  the  North) 
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on  May  21.    The  oats  were  harvested  on  August  7  and  the  maize  and 
potatoes  on  October  20. 

A  statement  of  the  average  nitrate  content  of  the  surface  foot  of  soil 
on  the  cropped  and  the  uncropped  sections  of  the  four  plats  planted  to 
each  crop  is  given  in  Table  14.  For  the  cropped  sections  the  averages 
include  both  the  cropped  ends  of  the  plats.  Moisture  contents  for  the 
same  plats  and  dates  are  given  also. 

TABLE  14.    AvERAOE  NrrRATB  Content  and  Avbraqe  Moisture  in  the  Surface  Foot 
OP  Soil  on  the  Four  Plats  Planted  to  Each  Crop,  on  Dates  Analyzed 

Nitrate  content  (ports  per  million) 


Crop 

May  12 

June  1 

July  28 

August  17 

Septem- 
ber 9 

October  17 

Plat 

•1 

1 

1 

I 

D 

1 

1 

P 

1 

1 

i 

1 

P 

1 

1 

1 

3612.36131 
3622.3623. 

3614. 3615  \ 
3624. 362A  / 

3616,  3617  ♦ 
3626.  3627  ( 

Maiae 

Potatoes 

Oata 

66 
05 
97 

57 
34 
40 

98 
122 
125 

62 
68 
88 

168 

127 

75 

92 
M5 

84 

179 
139 
82 

167 
135 
154 

247 
99 
67 

273 
130 
170 

244 
43 
97 

167 
145 
211 

Moisture  (percentage  of  dry  soil) 


Crop 

May  12 

June  1 

July  28 

August  17 

Septem- 
ber9 

October  17 

Plat 

1 

1 

P 

1 
1 

1 

P 

1 

1 

P 

1 

1 

1 

1 

P 

1 

1 

P 

3612,36131 
3622.3623/ 

3614. 3615  \ 
3624. 3625  / 

3616,  3617  1 
3626.  3627  / 

Maiie 

Potatoes 

Oats 

20.9 
21.1 
22.9 

20.0 
20.7 
21.6 

25.6 
25.7 
26.7 

24.5 
24.2 
25.2 

16.0 
14.5 
9.2 

16.7 
16.1 
14.9 

22.1 
20.3 
18.0 

23.0 
19.6 
18.2 

22.1 
20.3 
18.0 

23.0 
19.5 
18.2 

16.5 
19.0 
16.2 

17.4 
17.2 
16  5 

An  examination  of  this  table  shows,  so  far  as  the  maize  crop  is  con- 
cerned, the  characteristically  higher  nitrate  content  in  the  planted  than 
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in  the  unplanted  soil  during  the  latter  part  of  July.  The  nitrate  content 
of  the  planted  soil  was  slightly  higher  than  that  of  the  unplanted  soil 
before  the  crop  was  seeded,  and  nitrates  continued  to  develop  more  rapidly 
under  the  maize  up  to  the  latter  part  of  July.  From  that  time  until 
the  maize  was  mature  in  September  the  nitrates  under  the  crop  decreased 
as  compared  with  those  in  the  implanted  soil,  in  the  usual  manner;  the 
analysis  of  October  17,  however,  shows  a  greater  relative  increase  in  the 
planted  soil,  which  is  contrary  to  the  hypothesis  that  has  been  advanced. 
It  is  possible  that  the  very  feeble  growth  of  the  crop  may  accoimt  for 
this. 

Potatoes,  which  yielded  a  normal  crop,  gave  results  similar  to  those 
obtained  from  normal  yields  of  maize.  The  difference  in  the  nitrate 
content  of  the  potato  plats  and  of  the  contiguous  maize  plats  on  October 
17  is  very  marked.  Although  the  vines  were  dead  at  this  time,  the 
nitrates  were  lower  under  the  plants  than  at  any  period  during  their 
growth,  while  nitrate  formation  had  again  gone  forward  in  the  unplanted 
soil. 

Nitrates  imder  the  planted  and  the  unplanted  sections  of  the  oat  plats 
were  of  the  same  relation  as  in  previous  years.-  On  the  planted  sections 
the  nitrates  continued  to  decrease  after  harvest,  as  shown  by  the  analysis 
of  September  9  —  one  month  after  harvest.  A  slight  increase  is  shown 
by  the  analysis  of  October  17,  but  it  will  be  noted  that,  while  nitrates 
in  the  planted  soil  increased  15  parts  per  million  between  harvest  and 
October  17,  the  unplanted  soil  shows  an  increase  of  57  parts  per  mil- 
Uon  in  its  nitrate  content.  The  course  of  the  nitrates  in  the  planted  and 
the  unplanted  soil  is  shown  in  Diagram  V. 

Nitrates  at  different  depths. —  In  order  to  ascertain  what  effect  the 
upward  and  downward  movement  of  nitrates  may  have  on  the  apparent 
connection  between  the  plant  and  the  nitrate  content  of  the  surface  soil, 
samples  were  taken  on  the  north  ends  and  on  the  middles  of  each  plat  to 
a  depth  of  four  feet,  each  foot  being  analyzed  separately.  The  results 
of  these  anal3rses  are  shown  in  Table  15. 

The  analyses  show  that  nitrates  are  found  to  a  depth  of  four  feet,  but 
that  the  changes  in  nitrate  content  of  the  soil  are  not  great  beneath  the 
first  foot.  When  changes  occur  in  the  second  foot,  they  usually  accompany 
corresponding  changes  in  the  surface  foot.  An  increase  in  the  nitrates 
in  the  siuiace  foot  is  seldom  accompanied  by  a  decrease  in  the  second 


Digitized 


by  Google 


666 


T.  Lyttleton  Lyon  and  James  A.  Bizzell 


TABLE  16. 

N1TRATB8  IN  Each  Foot  of  the  Upper  Four  Feet  or 
(Parts  per  Miluon) 

Soil 

Depth 
(feet) 

May  12 

July  28 

August  17 

September  9 

October  17 

Crop 

1 
1 

a 

1 
1 

1 

1 

1 

1 

1 

a 

1 

1 

1 

1 

Maiie 

1 
2 
3 

4 

1 
2 
3 
4 

1 
2 
3 
4 

.... 

66 
34 
25 
21 

67 
25 
17 
15 

174 
65 
41 
44 

92 
47 
26 
31 

201 
49 
44 
42 

167 
43 
34 
24 

236 
79 
47 
45 

273 
100 
66 
72 

309 
64 
43 
50 

167 

Maiwj 

57 

Maize 

33 

Maise 

40 

Total 

146 

114 

314 

196 

336 

268 

407 

501 

466 

297 

Potatoes 

96 
39 
30 
31 

34 
19 
20 
18 

155 
50 
37 
35 

145 
44 

164 
63 
44 
42 

135 
49 
38 
36 

110 
52 
28 
28 

130 
60 
38 
29 

35 
29 
25 
27 

145 

Potatoes   

42 

Potatoes 

Potatoes 

38 
37 

Total 

195 

91 

277 

255 

313 

258 

218 

257 

116 

262 

Oats 

97 
32 
16 
31 

49 
27 
12 
22 

106 
37 
21 
22 

84 
33 
23 
23 

96 
39 
28 
25 

154 
48 
35 
30 

84 
28 
20 
22 

170 
40 

153 
51 
27 
28 

211 

Oats 

53 

Oats 

28 

Oats 

33 

Total 

176 

110 

186 

163 

188 

267 

154 

303 

259 

325 

foot,  as  would  be  the  case  if  the  augmented  nitrate  content  of  the  surface 
foot  was  due  to  an  upward  movement  of  the  nitrates.  On  the  other 
hand,  the  surface  and  second  feet  usually  increase  or  decrease  in  nitrates 
on  the  same  dates,  indicating  a  downward  movement  of  the  nitrates. 
It  would  appear  from  these  figures  that  in  the  main  the  nitrate  content 
of  the  surface  foot  is  determined  by  the  rate  of  nitrification  and  by  the 
removal  of  the  nitrates,  by  various  means,  from  that  layer  of  soil. 

The  average  nitrate  content  of  the  maize,  potato,  and  oat  plats  for  the 
season  bears  no  definite  relation  to  the  quantities  of  nitrogen  removed 
in  the  crops.  In  Table  16  the  yield  of  dry  matter  and  of  nitrogen  in  the 
crops  and  the  average  nitrate  content  of  the  soil  are  given. 

As  usual,  the  nitrate  content  is  highest  under  maize,  next  imder  pota- 
toes, and  lowest  under  oats.  As  the  nitrogen  removed  from  the  soil  by 
the  maize  crop  was  less  than  that  absorbed  by  either  of  the  others,  the 
higher  nitrate  content  of  the  soil  might  be  considered  to  be  due  to  that; 
however,  as  the  potatoes  removed  more  nitrogen  than  the  oats  and  yet 
the  nitrate  content  under  the  potatoes  is  higher  than  that  under  the 
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TABLE  16.    YiBLD  of  Drt  Matter  and  of  Nitroobn  in  Crops,  and  Avbraob  Nitrate 

Content  of  Soil,  1910 


Crop 

Yield 

of  dry 

matter 

(pounds) 

Yield 

of 

nitrogen 

(pounds) 

Nitrates  in   first  foot 
of  dry  soil  (parts  per 
million) 

Nitrates  in  planted  soU 
when  nitrates  in  Un- 
as 100 

Planted 

Un- 
planted 

Planted 

Un- 
planted 

MftiM 

221 
1,910 
1,670 

3 
43 
29 

167 

104 

90 

136 
108 
126 

123 
96 
71 

100 

Potatoes 

100 

Oats 

100 

oats,  the  relationship  does  not  hold.  Instead,  the  characteristic  relation 
of  the  kind  of  plant  to  the  nitrate  content  of  the  soil  is  again  repeated, 
and  this  appears  to  hold,  to  a  large  extent,  regardless  of  the  relative 
quantities  of  nitrogen  removed  by  the  crops. 

Experiments  in  1911 

The  plat  experiments  were  continued  in  somewhat  the  same  manner 
in  1911,  but  none  of  the  plats  were  limed.  As  before,  each  crop  was  grown 
on  four  separate  plats,  thus  removing  to  a  great  extent  the  error  due  to 
local  differences  in  nitrate  formation.  Another  feature  introduced  in  1911 
was  the  different  methods  of  treatment  of  maize.  Certain  plats  were 
mulched  with  straw,  others  were  scraped  with  a  hoe  in  order  to  keep 
them  free  from  weeds  without  stirring  the  soil,  and  still  others  received 
the  usual  cultivation.  The  maize  was  treated  also  in  the  following  two 
ways;  (1)  The  crop  was  harvested  on  the  first  of  August,  the  planting 
having  been  done  at  the  usual  time;  the  object  of  the  early  harvest  was 
to  ascertain  the  effect  of  the  immature  plants  on  the  nitrates  after  the 
crop  was  removed.  (2)  The  maize  was  planted  about  a  month  later 
than  on  the  plats  just  mentioned  and  was  harvested  on  August  1.  This 
gave  a  very  immature  crop  (about  eighteen  inches  high)  at  harvest 

Potatoes  were  grown  as  in  1910. 

Oats  were  treated  in  two  ways:  (1)  on  one  set  of  oat  plats  the  land 
was  plowed  immediately  after  harvest  and  maize  was  planted;  (2)  on 
another  set  of  plats  maize  was  not  planted  after  removing  the  oats,  but 
the  land  was  plowed  and  given  the  same  cultivation  as  was  given  the 
maize.    The  object  in  giving  this  treatment  after  harvesting  the  oats 
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was  to  see  whether  the  maize  would  cause  the  nitrates  to  increase  in  the 
oat  soil  and  thus  overcome  the  depressing  effect  of  the  oats. 
The  plat  treatments  may  be  briefly  stated  as  follows: 


Plat 


Crop  and  soil  treatment 


2201,2209,2401,2409. 
2202,  2210,  2402,  2410. 
2203,2211,2403,2411. 
2204,2212,2404,2412. 
2205,2213,2405,2413. 

2206,2214,2406,2414. 
2207,2215,2407,2415. 
2208,2216,2408,2416. 


Maise  planted  May  20.    Mulched 

Maise  planted  May  20.    Scraped 

Maise  planted  May  20.    Cultivated  all  summer 

Maise  harvested  August  1.    Cultivated  all  summer 

Maise  planted  June  2Q,  harvested  August  1.   Cultivated 

all  summer 
Potatoes  planted  May  19.    Cultivated  all  summer 
Oats  planted  May  9.    Cultivated  after  harvest 
Oats  planted  May  9,  followed  by  maise.    Cultivated 

aftc»r  oat  harvest 


The  temperature  during  the  growmg  season  was  nearly  normal.  There 
was  a  deficiency  of  rainfall,  especially  during  August,  at  which  time  the 
maize  suffered  from  lack  of  moisture.  Oats  made  a  normal  growth,  as 
did  also  potatoes.  A  killing  frost  on  September  14  stopped  growth  of 
all  crops  on  that  date. 

The  soil  was  manured  for  all  crops  in  the  early  spring,  at  tbte  rate  of 
about  five  tons  of  farm  manure  per  acre.  This  was  not  suflScient  to 
produce  an  average  yield  of  maize  on  the  heavy  soil  of  these  plats,  but 
the  growth  of  this  crop  was  better  than  in  1910. 

Soil  samples  for  moisture  and  nitrates  were  taken  to  a  depth  of  eight 
inches  from  the  surface,  and  also  to  a  depth  of  eight  to  sixteen  inches. 
The  plats  were  of  the  same  size  as  those  used  in  1910  and  each  was  divided 
into  three  sections:  the  nbrth  and  the  south  sections  were  planted  to 
a  certain  crop;  the  middle  sections  were  unplanted  and  were  given  the 
same  treatment  as  the  planted  sections.  Each  section  of  every  plat  was 
sampled  separately,  the  sample  consisting  of  three  borings. 

The  results  of  the  determinations  of  nitrates  on  the  middle  sections, 
representing  the  unplanted  soil,  and  the  averages  for  the  north  and  south 
end  sections,  representing  the  planted  soil,  are  presented  in  Table  17. 
The  table  gives  the  nitrates  in  parts  per  million  for  the  surface  eight 
inches  and  for  the  second  eight  inches,  and  the  averages  of  these  two 
depths: 
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TABLE  17.    NiTRATBB  IN  Soil  of  Planted  and  Unplantbd  Sections  of  Plats,  1911 

(Parts  per  Miluon) 


First  eight  inches 


PlAt 


Crop 


1 


S 


2 

o 


CO  S 

It 


^1 
11 


II 

555 


2201, 
3401. 
2201. 
2401. 
2202. 
2402, 
2202, 
2402. 
2203. 
2403, 
2203. 
2403. 
2204. 
2404, 
2204, 
2404. 
2205. 
2406. 
2205. 
2405. 
2206. 
2406. 
2206. 
2406. 
2207. 
2407. 
2207. 
2407. 
2208. 
2408. 
2208. 
2408. 


2200 
2400 
2200 
2400 
2210 
2410 
2210 
2410 
2211 
2411 
2211 
2411 
2212 
2412 
2212 
2412 
2213 
2413 
2213 
2413 
2214 
2414 
2214 
2414 
2215 
2415 
2215 
2415 
2216 
2416 
2216 
2416 


Mmm.  mulched 

None 

Maise,  acraped 

None 

Maise.  cultivated 

None 

Maise.  harveeted  Aufust  1 

None 

Maixe,  planted  June  26,  har 
vested  August  1 

None 

PoUtoes 

None 

Oats 

None 

Oats,  followed  by  maise 

None 


26 
27 
32 
23 
20 
22 
30 
34 

26 
31 

33 

28 

23 

32 

26 

26 


61 
54 
50 
40 
63 
60 
38 
42 

34 
40 

27 

36 

2 
24 

3 
31 


50 

70 

41 

53 

105 

130 

130 

140 

115 
137 

73 

127 

8 

42 

4 
56 


30 
64 
121 
112 
107 
102 
116 
168 

113 
100 

30 

112 

8 

74 

6 

74 


17 

46 

76 

141 

65 

174 

105 

130 

100 
120 

41 

127 

11 

76 

11 

63 


5 

14 

58 

135 

45 

168 

158 

215 

167 
104 

65 
211 

23 
123 

18 
168 


14 

32 

71 

176 

35 

224 

130 

163 

115 
160 

67 
160 

26 
114 

15 
111 


17 

18 

32 

100 

71 

210 

110 

106 

200 
234 

51 
170 

26 
127 

18 
106 


Second  eight  inches 


Plat 


Crop 


1 


S 


s 

o 


3 


2 


'J 


11 
If 


2201. 
2401. 
2201. 
2401. 
2202. 
2402. 
2202. 
2402. 
2203. 
2403, 


2200 
2400 
2200 
2400 
2210 
2410 
2210 
2410 
2211 
2411 


Maise,  muldied . . 

None 

Maise,  scraped.. . 

None 

MaUe,  cultivated 


22 
10 
15 
14 
24 


20 
26 
21 
21 
28 


25 
33 
28 
41 
41 


22 
20 


21 
22 


15 
34 
15 
27 
21 


13 
27 
12 
24 
22 


16 
50 
23 
44 
25 


13 
23 
18 
42 
30 
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TABLE  17  (i 


Seeood  eight  mdiei  (amUnmei) 


Avenge  of  fini  and  aeoond  eight  inehes 


put 


2201. 
2401. 
2201. 
2401. 
2202. 
2402. 
2202. 
2402. 
2203. 
2403. 
2203. 
2403. 
2204. 
2404. 
2204. 
2404. 
2206. 
2405. 
2206. 
2406. 


2209 
2409 
2209 
2409 
2210 
2410 
2210 
2410 
2211 
2411 
2211 
2411 
2212 
2412 
2212 
2412 
2213 
2413 
2213 
2413 


Crop 


s 


< 


s 


a 


MftUe,  muldied 

Sane 

MftUe.  ■craped 

None 

Maise.  cultivated 

None 

Maiac,  hanrested  Aufust  1 .  .  .  . 

None 

Maise.  nlanted  June  26.  har- 
vested Aufust  1 

None 


24 
23 
23 
18 
26 
23 
29 


23 
27 


45 
40 
35 
35 
45 
43 
28 

aoj 

24  I 
28 


42 
56 
34 
47 
73 
88 
79 
89 

71 
84 


30 
46 
70 
66 
64 
112 
71 
99 

65 
M 


16 
40 
45 
84 
43 
104 
66 


64 
76 


:i 

00 

00  S 

8-2 

< 

1 

9 

15 

20 

41 

35 

47 

79 

no 

33 

30 

102 

147 

97 

90 

128 

112 

103 

82 

126 

115 

II 


15 

ao 

25 
120 

50 
127 

85 
130 

120 
140 
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TABLE  17  (concluded) 


Average  of  first  and  second  eight  inches  (continued) 


put 

Crop 

a 

1 

5 

S 

t 

3 

1 

3 

00 

-1 

11 

< 

3 

ll 
1 

0  fi 

2206.2214  1 
2406.2414 

2206. 2214  \ 
2406.2414 

2207. 2215  \ 
2407.  'MIS 
2207.2215 
2407.  2415  / 

Potatoes 

29 
27 
21 
28 

22 

27 

3 

19 

44 

76 

6 

40 

27 

73 

6 

48 

29 

84 

9 

60 

47 

132 

19 

83 

49 
102 
20 
74 

39 

None 

120 

1 
Oata 

21 

None 

96 

2208.2216 
2408.2416 

Gate,  followed  by  maise 

22 

3 

3 

4 

8 

16 

12 

17 

2208.2216. 
2408.2416/ 

None 

26 

19 

38 

47 

43 

110 

70 

75 

A  study  of  the  nitrates  as  recorded  in  Table  17  shows  that  the  maize, 
potatoes,  and  oats  bear  about  the  same  comparative  relation  to  the  nitrate 
content  of  the  soil  that  they  did  in  previous  years.  This  characteristic 
relationship  between  the  crop  and  the  nitrate  content  of  the  soil  holds 
also,  with  some  variation  due  to  the  season,  for  the  different  stages  of 
growth  of  the  plants. 

In  the  first  eight  inches  there  is  no  tendency  for  the  nitrates  under  the 
cultivated  maize  to  run  higher,  at  certain  periods  of  growth,  than  the 
nitrates  in  the  unplanted  soil;  but  under  the  maize  on  the  scraped  and  the 
late-planted  plats  the  nitrates  are  higher  during  a  part  of  the  growing 
season  than  in  the  unplanted  sections  of  these  plats.  In  the  second  eight 
inches  this  is  also  the  case. 

The  effect  of  all  crops,  and  especially  of  oats,  in  depressing  the  nitrate 
content  during  the  later  stages  of  growth  and  afterwards  i.-;  v^ry  marked, 
even  when  the  nitrates  in  the  unplanted  soil  continue  to  ...--ease  late 
into  the  autumn. 

The  maize  that  was  harvested  on  August  1  did  not  redu.  i  t.r.c  ru  \te 
content  of  the  soil  to  the  same  extent  after  that  date  as  di  t  the  maize 
not  harvested  at  that  time,  but  there  was  no  tendency  for  the  nitrates 
under  the  crop  to  increase  relatively  to  the  nitrates  in  the  bare  soil.  This 
may  mean  that  the  maize  plant  uses  a  considerable  quantity  of  nitrate 
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nitrogen  during  its  later  stages  of  growth,  or  it  may  mean  that  it  merely 
has  a  depressing  effect  on  nitrification. 

Comparing  the  nitrates  in  the  late-planted  and  early-harvested  plats 
with  those  in  the  early-planted  and  early-harvested  plats,  it  will  be  noticed 
that  there  is  a  greater  increase  in  the  nitrates  in  the  former  after  the  crop 
has  been  removed.  Thus  the  very  immature  crop  does  not  appear  to 
have  as  depressing  an  effect  as  does  the  more  mature  one.  A  comparison, 
therefore,  of  the  three  sets  of  plats  harvested  and  planted  at  different 
times  indicates  that  it  is  the  later  stages  of  growth  that  interfere  most 
with  the  process  of  nitrate  formation. 

The  nitrates  in  the  planted  and  the  unplanted  sections  of  the  plats  in 
cultivated  maize,  potatoes,  and  oats  for  the  first  and  second  eight  inches 
of  soil  are  shown  in  diagrams  VI  and  VII.  The  moisture  content  of  the 
soil  on  all  the  plats  is  given  in  Table  18: 

TABLE  is.    MoiBTURK  in  PLAirneD  and  Unplanted  SscnoNB  or  Platb,  1911 
(Pbbcentaoe  of  Det  Soil) 

First  eight  inches 


Pl»t 


€kop 


$ 

i 

-< 

€4 

2 

0 

i 

< 

S 

< 

00 

£1 

n  B 

H 

< 

2 

ll 

32.1 

25.9 

22.8 

22.0 

25.1 

22.1 

28.0 

34.1 

25.6 

23.8 

23.4 

28.5 

22.2 

28.8 

33.4 

25.8 

16.2 

17.9 

19.2 

23.6 

22.5 

33.6 

25.2 

16.6 

21.4 

21.8 

25.3 

23.8 

31.4 

23.2 

24.9 

16.5 

17.7 

20.0 

23.4 

31.4 

24.2 

26.6 

20.3 

20.8 

23.6 

25.3 

31.3 

22.3 

24.5 

18.2 

18.9 

26.7 

22.4 

33.2 

23.0 

25.6 

21.2 

21.0 

26.0 

23.2 

32.4 

21.6 

24.0 

18.7 

19.0 

26.4 

22.0 

32.2 

22.0 

24.7 

19.3 

19.2 

26.3 

22.2 

32.8 

21.6 

22.2 

15.6 

15.9 

25.4 

21.3 

34.0 

22.7 

24.7 

19.4 

18.7 

26.6 

22.4 

33.1 

18.1 

7.2 

11.3 

12.7 

22.8 

25.0 

-I 

II 


2201.2209  1 

2401,2409 

2201.2209^ 

2401.2409 

2202^2210 

2402.2410 

2202.2210 

2102.2410 

22a3.2211 

2403.2411 

2203.2211 

2403.2411 

2204.2212 

2404.2412 

2204.2212 

240t.2412 

2205.  2213  \ 

2405.2413  ^ 

2205.  2213 

2405.2413 

2206.2214 

2406.2414 

2206.2214 

2406.2414 

2207.2215 

2407.2416 


Maise.  mulched 

NODO 

Maise.  acraped 

None 

Maiie.  cultivated 

None 

MaUe.  harvested  August  1 

None 

Matse.  planted   June  26.  bar- 
vestea  August  1 

None 

PoUtoes 

None 

Oats 


28.3 
28.7 
27.4 
27.9 
26.2 
26.6 
26.5 
26.0 

27.2 
28.0 

26.1 

26.8 

24.6 
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TABLE  18  (conHnued) 


First  eight  inches  (continued) 


Plat 

Crop 

s 

i 

< 

i 

3 

0 

i 

2 

1 

< 

S 

to 

i 

< 

2 

-1 

CO  B 

< 

s 

8-^ 

2207.2215 

Non^ 

33  1 
33.0 

32.7 

10  0 

15.3 
20.4 

17.2 
7.8 
16.9 

17.5 
11.7 
17.8 

16.4 
14.3 
17.4 

24.3 
24.5 
25.7 

26.6 
24.2 
24.9 

25.5 

2407,2415 
2208.2216 
2406.2416 
2206.2216 

Oau.  followed  by  nuuse 

None 

26.4 
26.6 

2408. 2416  / 

Second  eight  inches 


Flat 


2201, 2200  \ 

2401.2400 

2201.2200 

2401.2400 

2202.2210 

2402,2410 

2202.2210 

2402,2410 

2203,2211 

2403.2411 

2203,2211 

2403.2411 

2204.2212 

2404.2412 

2204.2212 

2404,2412 

2205.2213 

2405.  2413 

2205.2213 

2405.2413 

2206.2214 

2406.2414 

2206.2214 

2406.2414 

2207.2215 

2407,  2415 
2207.2215 
2407,2415 
2208,2216 
2408,2416 
2208,2216 

2408,  2416  / 


Orop 


Maise.  mulched 

None 

Maiie,  ecraped 

None 

Maue,  cultivated 

None 

Maise,  harvested  Ausuat  1 . . 

None 

Maiae.  planted  June  26.  har- 
vetted  August  1 

None 

Potatoes 

None 

Oats 

None 

Oats,  followed  by  maise 

None 

52 


S 


1 

< 


26.6 
26.6 
25.4 
25.6 
22.8 
28.5 
27.4 
25.0 

25.1 
25.9 

25.8 

26.1 

25.8 

25.8 

25.7 

26.0 


s 


21.7 
21.4 
20.0 
22.0 
10.3 
20.4 
18.9 
18.2 

18.4 
18.7 

18.0 

19.6 

18.0 

18.7 

15.4 

18.0 


s 

© 


19.0 
19.0 
16.6 
17.0 
18.0 
20.8 
19.2 
20.2 

19.4 
20.7 

17.5 

20.9 

10.0 

15.7 

11.4 

16.0 


18.3 
20.9 
15.9 
17.9 
15.3 
18.0 
16.8 
18.0 

17.3 
18.4 

15.2 

18.2 

11.0 

16.3 

11.8 

16.0 


s 


21.1 
23.3 
15.6 
18.7 
15.2 
18.2 
17.6 
18.3 

17.5 
18.2 

14.0 

16.8 

12.6 

15.8 

13.2 

16.0 


10.1 
18.9 
19.2 
21.2 
17.8 
20.5 
21.6 
20.8 

21.2 
23.2 

21.0 

22.1 

10.6 

20.5 

20.2 

21.2 


8« 

II 


22.6 
22.9 
19.0 
20.2 
19.5 
20.8 
19.7 
19.8 

18.9 
19.5 

18.4 

18.9 

21.1 

20.0 

10.3 

19.7 


22.7 
23.6 
21.7 
23.7 
21.2 
21.9 
21.9 
21.4 

21.4 
21.8 

21.4 

22.3 

21.0 

21.2 

22.1 

21.1 
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TABLE  18  (concluded) 


Average  of  first  and  second  eight  inches 


Plat 


Crop 


3 


t 


S 

© 


< 

s 

00 

si 

2 

20.1 

23.1 

20.6 

25.3 

22.1 

25.9 

20.5 

25.8 

16.9 

17.4 

21.4 

20.7 

19.6 

20.2 

23.2 

22.0 

16.9 

16.4 

18.9 

21.4 

19.1 

19.5 

22.0 

23.0 

17.5 

18.2 

24.1 

21.0 

19.6 

19.6 

23.8 

21.6 

18.0 

18.2 

23.8 

20.4 

18.8 

18.7 

24.7 

20.8 

15.4 

15.4 

23.2 

19.8 

18.8 

17.7 

24.3 

20.6 

11.6 

12.6 

20.9 

.23.5 

16.9 

16.1 

22.4 

23.7 

11.7 

13.7 

22.3 

21.7 

17.3 

16.7 

23.4 

22.3 

I5 

■§55 


2201.22091 

2401,2409 

2201.2209 

2401.2409 

2202.2210 

2402,2410 

2202.2210 

2402.2410 

2203.2211 

2403.2411 

2203.2211 

2403,2411 

2204.2212 

2404. 2412 

2204,  2212 

2404.2412 

2205. 2213 

2405.2413 

2205. 2213  \ 

2406.2413 

2206,  2214  ^ 

2406,2414 

2206.2214 

2406,2414 

2207. 2215 
2407.2415 
2207.2215 
2407.2415 
2208.  2216 
2408. 2416 

2208. 2216  , 
2408.2416 


Matse.  mulched 

None 

Maise,  scraped 

None 

Maise,  cultivated 

None 

Maize,  harvested  August  1 . . .  . 

None 

Maize,  planted  June  26,  har- 
vested Atigust  1 

None 

Potatoes 

None 

Oats 

None 

Oats,  followed  by  nudze 

None 


29.3 
30.3 
29.4 
29.6 
27.1 
29.9 
29.3 
29.1 

28.7 
29.0 

29.3 

30.0 

29.4 

29.4 

29.3 

29.3 


23.8 
23.5 
23.3 
23.6 
21.2 
22.3 
20.6 
20.6 

20.0 
20.3 

19.8 

21.1 

18.0 

18.8 

15.3 

19.2 


20.9 
21.8 
16.4 
16.8 
21.9 
23.7 
21.8 
22.9 

21.7 
22.7 

19.8 

22.8 

9.0 
16.4 

9.6 
16.9 


25.5 
26.1 
24.5 
25.8 
23.7 
24.2 
24.2 
24.1 

24.3 
24.9 

23.7 

24.5 

22.8 

23.3 

24.2 

23.8 


There  is  no  material  lowering  of  the  moisture  content  of  the  maize 
plats  as  compared  with  that  of  the  implanted  soil.  In  the  oat  soil  the  mois- 
ture content  is  markedly  lower,  as  compared  with  the  implanted  soil, 
in  July  and  August.  The  nitrate  content  does  not  appear  to  be  greatly 
influenced  thereby,  as  the  nitrates  during  June  are  slightly  lower  than  in 
July  and  August.  As  has  been  noted  in  previous  years  there  appears 
to  be  no  definite  relation  in  this  soil  between  the  nitrate  content  of  the 
soil  under  plants  and  the  soil  moisture,  owing  possibly  to  the  fact  that  the 
soil  was  not  at  any  time  seriously  depleted  of  moisture. 

A  comparison  of  the  nitrates  in  the  planted  sections  of  the  plats  in 
terms  of  the  nitrates  in  the  implanted  sections,  taking  the  latter  in  each 
case  as  100,  will  serve  to  express  more  clearly  the  relation  of  the  different 
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crops  and  treatments  to  the  nitrate  content  of  the  soil.  It  will  be  re- 
membered that  the  analyses  of  April  19  to  26  were  made  before  the 
crops  were  planted.  These  data  for  the  surface  eight  inches,  for  the 
second  eight  inches,  and  for  the  average  of  these  two  depths,  are  given 
in  Table  19: 

TABLE  19.    Ratio  of  NmuTES  in  Planted  Sections  of  Plats  to  Nitrates  in 

Unplantbd  Sections 


First  eight  inches 


Plat 


2201.  2200. 

2202.  2210. 

2203.  2211. 

2204.  2212. 


2401,  2400 

2402,  2410 

2403.  2411 

2404.  2412 


2205.  2213.  2405.  2413 


2206.  2214. 

2207.  2215. 

2208.  2216. 


2406.  2414 

2407.  2415 

2408.  2416 


Maixe,  mulched 

Maise,  scraped 

Maise,  cultivated 

Maise.  harvested  Au- 
gust 1 

Maise,  planted  June 
26.  harvested  Au- 
gu«t  1 

PoUtoes 

Oats 

Oats,  followed  by 
maise 


s 


06 
139 
132 

88 


84 
118 
72 

100 


113 
102 
105 

90 


85 
75 

8 

10 


2 

o 

i 


75 
77 
75 

03 


84 
57 
19 


61 
108 
56 


104 
35 
11 


37 
54 
37 

76 


83- 
32 
14 

17 


9  a 


36 
43 
27 

73 


86 
31 
10 


s 

so 


44 

40 
16 

85 


72 
42 

23 

13 


^1 

O 


04 
16 
34 

61 


28 
20 


17 


Second  eight  inches 


Plat 


2201.  2200.  2401.  2400 

2202.  2210,  2402,  2410 

2203.  2211.  2403.  2411 

2204.  2212,  2404.  2412 

2205.  2213,  2405,  2413 


2206.  2214.  2406.  2414 

2207.  2215.  2407.  2415 

2208.  2216,  2408,  2416 


Crop 


Maise.  mulched 

Maise,  scraped 

Maise.  cultivated 

Maise.  harvested  Au- 
gust 1 

Maise,  planted  June 
26.  harvested  Au- 
gust 1 

Potatoes 

Oats 

Oats,      followed     by 


< 


116 
107 
100 

132 


01 
100 
80 

73 


112 
100 
108 

100 


04 
04 
27 

37 


2 

o 


76 
68 
108 

74 


87 
60 
13 

14 


76 
05 
67 

00 


46 
23 


14 


2 


44 

56 
60 

72 


00 
40 
20 

25 


^5 
3  a 


48 
50 
61 

86 


60 
55 
37 

27 


20 


32 
52 
35 


70 
70 
41 

33 


ti 


57 
43 

67 

78 


107 
44 
26 

36 


Digitized 


by  Google 


676 


T.  Lyttleton  Lyon  and  James  A.  Bizzell 


TABLE  19  (continued) 
(See  tables  1.5.  6.7,8) 


Average  of  first  and  second  eight  inches 


Plat 


Cix^ 


1 


3 


5 

o 


S 


-I 


a 

50 


^1 

i 


2201.  2209.  2401.  2409 

2202.  2210.  2402.  2410 

2203.  2211.  2403.  2411 

2204.  2212.  2404.  2412 

2206.  2213.  2405.  2413 


2206.  2214.  2406.  2414 

2207.  2215.  2407.  2415 

2208.  2216.  2408.  2416 


Maiae,  mulched 

Maise,  scraped 

Maiie.  cultivated 

Maise.  haryested  Au- 
gust 1 

Maise.  planted  June 
26.  harvested  Au- 
gustl 

Potatoes „. 

Oats 

Oats,  followed  by 
maise 


104 
128 
113 

101 


85 
107 
76 

85 


112 
100 
105 


81 
16 


16 


75 
72 


85 

58 
15 


65 
106 
67 

72 


102 
37 
12 


40 
54 
41 

74 


85 
35 
18 

19 


45 
44 


76 


82 
36 
23 

15 


37 
43 
20 

80 


71 
48 
27 

17 


75 
21 


66 


92 
32 
22 

23 


The  analyses  of  April  19  to  26  were  all  made  before  any  of  the  crops 
were  planted,  and  therefore  they  represent  the  natural  relation  of  the 
respective  sections  of  the  plats  when  uninfluenced  by  plants.  In  the 
maize  plats  there  is  a  tendency  for  the  nitrates  under  the  crop  to  increase 
sometime  during  the  growing  season  in  the  scraped  plat  and  in  the  two 
plats  harvested  August  1.  The  other  two  maize  plats  do  not  show  this 
tendency. 

As  has  been  remarked  before,  there  appears  to  be  a  relation  between 
the  size  of  the  crop  and  the  tendency  of  the  nitrates  to  increase  during 
the  active  growing  season.  It  is  impossible  to  compare  the  yields  on  the 
early-harvested  plats  with  those  on  the  other  plats,  but  of  the  late-harvested 
plats  those  that  increased  in  nitrates  during  the  early  part  of  the  growing 
season  were  the  ones  that  yielded  least  —  namely,  the  scraped  plats  2202, 
2210,  2402,  2410.    The  yields  of  these  plats  are  stated  in  Table  20: 

TABLE  20.    YnsLDS  of  Maize  (Grain  and  Foddbb)  on  Plats  Harvbstbd  at  Maturttt 


Plat 

Treatment 

Weight 
of  crop 
(grams 
per  plat) 

Nitrogen 
in  crop 
(grama 
per  plat) 

2201,  2209.  2401,  2409 

Mulched 

16,457 
13,369 
17,425 

123 

2202,  2210,  2402,  2410 

Scraped 

98 

2203,  2211,  2403.  2411 

Cultivated 

135 
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Both  the  yield  of  plant  substance  and  the  nitrogen  in  the  crop  are  least 
on  the  scraped  plats,  which  are  the  ones  that  exhibit  a  tendency  for  the 
nitrates  to  increase  during  the  growing  period.  This  would  indicate  that 
the  utilization  of  nitrates  is  greater  on  the  plats  producing  larger  yields; 
but  that  the  high  nitrate  content  of  the  maize  plats  cannot  be  due  entirely 
to  this  is  evidenced  by  the  fact  that  the  nitrates  under  the  plants  are  higher 
in  August  than  are  the  nitrates  in  the  unplanted  soil. 

During  the  later  stages  of  growth  the  maize  plats  harvested  at  maturity 
all  decrease  in  nitrates  at  about  the  same  rate.  In  this  respect  they 
differ  from  the  plats  that  were  harvested  August  1,  which  maintain  a 
higher  nitrate  content  during  the  latter  part  of  the  season  as  has  already 
been  mentioned. 

The  marked  falling-oflf  in  the  nitrates  after  the  middle  of  August  on  the 
plats  of  maize  harvested  at  maturity  as  compared  with  the  high  nitrate 
content  earlier  in  the  season  is  not  in  keeping  with  the  nitrogen  absorption 
by  the  crop  during  the  early  and  the  later  part  of  the  season.  Yields  and 
analyses  of  the  maize  on  these  plats  showed  that  by  August  1  the  maize 
plants  had  absorbed  44  per  cent  of  all  their  nitrogen.  During  the  early 
period  the  nitrate  content  of  the  planted  soil  was  increasing  nearly  as  rap- 
idly as,  and  in  some  cases  more  rapidly  than,  that  of  the  unplanted  soil. 
After  the  middle  of  August,  by  which  time  fully  50  per  cent  of  the  nitrogen 
must  have  been  absorbed,  the  nitrate  content  of  the  planted  soil  decreased 
very  markedly  while  the  nitrate  content  of  the  unplanted  soil  increased. 
If  the  decreased  nitrate  content  in  the  planted  soil  were  caused  by  nitrogen 
absorption  exclusively,  there  would  be  a  tendency  for  the  nitrates  in  the 
planted  soil  to  increase  as  do  the  nitrates  in  the  unolanted  soil;  but  in 
general  there  is  no  such  tendency  even  late  in  the  season,  when  nitrogen 
absorption  must  have  ceased.  This  again  indicates  a  depressing  influence 
of  the  plant  on  nitrification  during  the  later  stages  of  growth. 

Comparing  the  oat  plats  planted  to  maize  after  the  oats  were  harvested 
with  those  kept  implanted,  it  will  be  seen  that  there  is  a  tendency  for  the 
nitrates  to  run  higher  in  the  latter.  This  indicates  that  the  growth  of 
the  yoimg  maize  plants  has  stimulated  the  formation  of  nitrates  and  has 
overcome  the  depressing  influence  of  the  mature  oat  plants. 

In  diagrams  VIII  to  XV  these  relations  of  nitrates  under  the  plants 
to  those  in  the  ufiplanted  soil  of  the  corresponding  plats  are  shown 
graphically. 
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Experiments  in  1912 

The  plats  used  in  1911  were  planted  in  1912  to  the  same  kinds  of  crops 
that  were  grown  on  them  in  the  previous  year.  It  was  thought  that  thi> 
might  give  a  cumulative  effect  of  the  crop  on  the  soil.  As  before,  the 
middle  sections  of  the  plats  were  not  planted.  In  one  respect  the  plats 
were  different  from  those  used  in  1910  and  1911,  in  which  cases  the  entire 
plats  had  been  planted  to  some  crop  in  the  preceding  years.  The  middle 
sections  had  therefore  been  fallowed  for  two  years.  As  a  result  of  the 
fallow  of  the  previous  year  the  nitrates  in  the  middle  sections  were  much 
higher  in  spring  than  those  in  the  planted  sections,  except  in  the  mulched 
maize  plats  where  the  difference  was  not  great. 

The  arrangement  of  the  plats  and  their  treatment,  as  given  below,  differed 
only  in  time  of  planting  and  harvesting  from  that  of  1911 : 


Plat 

Crop  and  soil  treatment* 

2201,  2209,  2401,  2409 ! . . 

Maize  planted  May  22.    Mulched 

2202  2210.  2402.  2410 

Maiae  planted  May  22.    Scraped 

Maize  planted  Mav  22.    Ctiltivated  all  (nimnier 

2203,  2211,  2403,  2411 

2204,  2212,  2404,  2412 

Maize  planted  May  22,   harvested  August  20,   and 

2205.  2213.  2405.  2413 

allowed  to  regrow.    Cultivated  all  suminer 
Maize  planted  July  5,  harvested  August  20.   Cultivated 

all  summer 
Potatoes  planted  May  23.    Cultivated 

2206,  2214,  2406,  2414 

2207.  2215.  2407.  2415 

Oats  planted  May  21.    Cultivated  after  harvest 

2208,  2216,  2408,  2416 

Oats  planted  May  21,  followed  by  maize.    Cultivated 

the  maize 

The  temperature  during  the  growing  season  was  somewhat  below  normal. 
The  first  half  of  July  wa«  the  warmest  part  of  the  summer.  Rainfall  was 
deficient  in  June  and  July  and  the  yield  of  oats  was  lessened  by  the  drought. 
Growth  continued  later  than  usual  in  the  autumn  because  of  the  warm, 
moist  weather  in  September.  Potatoes  were  fully  mature  about  the  middle 
of  September  and  maize  was  harvested  on  October  20,  except  on  the  early- 
harvested  plats. 

No  manure  nor  fertilizer  was  applied  to  the  soil.  The  growth  of  all 
crops  was  normal  but  the  yields  were  not  large. 
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Soil  samples  for  moisture  and  nitrates  were  taken  to  a  depth  of  ten 
inches  except  on  the  cultivated  plats,  on  which  the  surface  two  inches  was 
removed  before  boring  and  the  samples  were  taken  to  a  depth  of  ten  inches 
under  the  layer  removed.  The  reason  for  removing  the  surface  two  inches 
on  these  plats  was  to  eliminate  from  the  samples  the  loose,  dry  layer,  in 
which  nitrate  formation  would  not  be  expected  to  proceed  under  the  same 
influences  that  operate  in  the  moist  soil  below.  In  Diagram  XVI  is  shown 
the  course  of  the  nitrates  under  the  cultivated  maize  and  under  potatoes 
and  oats. 
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DIAGRAM  XVII.—  Relative  nitrate  conterU  of  8oil  under  maize  mulched,  1912 

The  nitrate  content  and  the  moisture  content  of  the  soil  on  the  planted 
and  unplanted  sections  of  all  plats  are  shown  in  tables  21  and  22.  The 
characteristic  relationship  between  the  crop  and  the  nitrate  content  of  the 
soil  is  again  apparent  in  the  former  table,  nitrates  being  higher  under  maize 
than  under  potatoes  during  the  active  growing  period  and  being  lowest 
under  oats. 

Nitrates  are  sometimes  higher  in  the  soil  under  maize  than  in  the 
unplanted  soil  on  the  mulched  plats;  but  the  nitrates  are  so  high  in  the 
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unplanted  soil  of  the  other  maize  plats,  owing  to  the  fallow  of  the  previous 
year,  that  only  on  the  late-planted  plats  are  the  nitrates  at  any  time  actu- 
ally higher  under  the  crop  than  on  the  bare  soil. 

The  relations  of  the  crops  to  nitrates  are  well  brought  out  in  Table  23 
and  in  diagrams  XVII  to  XXIV.  The  figures  on  which  these  diagrams  are 
based  have  been  obtained  by  considering  the  nitrates  in  the  bare  spaces  as 
100  and  calculating,  on  that  basis,  the  nitrates  in  the  planted  sections  of  the 
plats.  These  percentages  are  then  grouped  into  periods  embracing  all  the 
analyses  before  planting,  and  the  analyses  after  planting  by  months  or  such 
parts  of  months  as  elapsed  before  harvest. 

The  mulched  maize  plats,  represented  in  Diagram  XVII,  show  a  maxi- 
mum nitrate  content  in  July,  at  which  time  the  nitrates  were  higher  under 
the  maize  than  in  the  bare  soil.  After  that  there  is  a  decrease  to  September 
and  a  slight  increase  in  October. 
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DIAGRAM  XVIII. —  BetoKve  nitrcUe  conierd  of  soil  under  maize  scraped,  191B 

The  scraped  maize  plats,  represented  in  Diagram  XVIII,  show  a  maxi- 
mum nitrate  content  in  July,  but  it  is  not  so  high  under  maize  as  in  the 
unplanted  soil.     There  is  a  decrease  after  July. 

The  cultivated  maize  plats,  represented  in  Diagram  XIX,  correspond  in 
the  main  with  the  previous  plats.  All  these  maize  plats  exhibit  the  charac- 
teristic stimulation  of  nitrate  formation  in  midsummer  and  partial  inhibi- 
tion in  late  summer  and  in  the  fall. 
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The  maize  plats  planted  on  May  22  and  harvested  on  August  20  are 
represented  in  Diagram  XX.  The  maize  on  these  plats  was  allowed  to 
regrow  after  harvest;  in  this  respect  the  treatment  differed  from  that  6t  the 
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DIAGRAM  XIX.—  RdaHvot  niiraU  corUetd  of  boQ  under  maiie  cuUivaied,  191S 

previous  year.  The  August  figures  are  based  on  the  analyses  made  pre* 
vious  to  August  20.  In  September  and  October  there  is  an  increase  in  the 
nitrate  content  of  the  soil.  If  the  r^rowth  of  maize  has  a  stimulating 
effect  on  nitrate  formation  this  increase  is  to  be  expected,  as  the  maize 
made  a  regrowth  of  about  eighteen  inches. 
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DIAGRAM  XX. —  RdaHve  nitrate  content  of  soU  under  mmze  harvested  Auguet  90 
and  allowed  to  rewrote,  1908 

It  will  be  noted  that  this  was  the  only  set  of  maize  plats  in  which  any 
marked  increase  of  nitrates  occurred.  The  increase  of  nitrates  under 
maize  at  this  time  of  year  and  coincident  with  the  regrowth,  is  evidence  that 
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the  time  of  year  is  not  the  only  determining  factor  in  the  formation  of 
nitrates ;  nor  is  the  decrease  of  nitrates  during  the  later  stages  of  growth  due 
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DIAGRAM  XXI. —  RekUive  nitrate  corUeni  of  sail  under  maiie  planled 
Jtdy  6,  harveeted  August  iM,  1908 
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DIAGRAM  XXII.—  Rdaiwe  n^braU  content  of  boU  under  potatoes,  191$ 

entirely  to  the  removal  of  easily  nitrifiable  organic  matter,  otherwise  the 
nitrate  content  would  not  have  risen  in  the  soil  on  which  a  regrowth 
of  maize  occurred. 
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Nitrates  in  the  late-planted  maize  plats  are  shown  in  Diagram  XXI. 
Owing  to  the  late  planting  —  July  5  —  the  nitrates  never  fall  very  low  uid 
are  highest  in  August;  this  is  another  indication  that  the  time  of  year  is 
not  the  controlling  factor  in  the  maximum  nitrate  content.  Following  the 
harvest  of  this  maize  on  August  20  there  is  a  decrease  in  nitrates. 

The  nitrates  under  potatoes  are  shown  in  Diagram  XXII.    As  in  pre- 
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DIAGRAM  XXni.—  RekUive  nitrate  conierU  of  soU  under  oats,  cuUivaied  after 

harvest,  19118 

vious  years  the  maximum  nitrate  content  occurs  in  July,  and  the  ni- 
trates decrease  from  that  time  until  the  close  of  the  season. 

The  oat  plats,  represented  in  diagrams  XXIII  and  XXIV,  show  the 
characteristic  decline  in  nitrates,  except  in  the  plats  on  which  maize  was 
planted  after  the  oats  were  harvested.  In  these  plats  there  was  a  slight 
rise  of  nitrates  in  September;  but,  since  the  maize  grew  only  five  or  ax 
inches  high,  the  effect  on  the  nitrates  was  unimportant. 
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diagram  XXIV. —  Relative  nitrate  content  of  soil  under  oats  foUotoed  by 

maize,  1919 

The  relation  of  the  nitrate  content  of  the  soil  to  the  quantities  of  nutrients 

removed  by  crops 

It  has  been  suggested  by  a  number  of  investigators  that  the  bacterial 
activity  of  the  soil  is  dependent  on  the  supply  of  readily  soluble  mineral 
nutrients  that  it  contains.  Assuming  this  to  be  true,  the  question  arises 
whether  a  certain  crop  might  influence  the  production  of  nitrates  in  the 
soil  by  removing  a  greater  or  less  quantity  of  the  soluble  mineral  nutrients. 

As  maize  and  oats  have  been  grown  in  this  experiment  for  a  number  of 
years,  it  is  possible  to  make  some  comparisons  between  these  two  plants  in 
regard  to  the  quantities  of  nutrients  removed  and  to  the  nitrate  content  of 
the  soil  during  the  latter  part  of  the  season,  when  the  removal  of  the 
nutrient  substances  may  be  expected  to  affect  the  nitrate  content. 

The  crops  removed  from  the  plats  used  in  these  experiments  were  all 
sampled  and  the  total  nitrogen  was  determined.  Unfortunately,  the  ash 
was  not  analyzed,  therefore  no  exact  figures  are  obtainable  for  the  mineral 
constituents;  but,  since  the  variation  in  yields  between  the  two  crops, 
maize  and  oats,  was  very  large,  probably  the  error  introduced  by  employ- 
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ing  an  average  figure  for  the  percentage  of  mineral  constituents  would  be 
insignificant  as  compared  with  the  differences  in  the  quantities  removed  in 
the  crops.  The  percentages  of  phosphoric  acid  (PjOj)  and  potash  (KtO) 
given  in  the  Yearbook  of  the  Department  of  Agriculture  for  1894 
(pages  565  to  568)  have  been  used. 

In  Table  24  are  given  the  relative  quantities  of  nitrogen,  phosphoric  acid, 
and  potash  removed  in  the  maize  and  oat  crops,  and  the  relative  nitrate 
contents  of  the  plats  at  the  time  of  harvest  or  as  near  that  date  as  is 
practicable  : 


TABLE  24. 


Relative  QuAMnriBS  of  NuTBisirn}  Removed  bt  Maize  and  Oatb  and 
Relatitb  Nitrate  Ck>ifTENTB  op  the  Soil  at  Haeyest 


1908 
Msise 


1909 
Oats 


1910 


Maise 


OatB 


Relative  yields  of 

Dry  matter 

Nitrogen 

Phosphoric  acid 

Potash 

Dates  of  nitrate  determinations, 
Relative  nitrate  contents  of  soil 


100 
100 
100 
100 
Sept.  17 
100 


72 

71 

91 

176 

Aug.  7 

7 


100 
100 
100 
100 
Oct  17 
100 


755 

828 

1,523 

1,265 

Aug.  17 

34 


It  will  be  noticed  that  in  1908  and  1909  the  oat  crop  was  small  as  com- 
pared with  the  maize  crop,  while  in  1910  it  was  relatively  very  large.  In 
both  instances  the  nitrate  content  of  the  oat  soil  was  characteristically 
much  lower  than  that  of  the  maize  soil.  The  characteristic  relation  of 
nitrate  content  under  oats  and  under  maize  appears  to  be  independent 
of  the  quantities  of  nutrients  removed  by  the  crops. 

The  influence  of  alfalfa  and  of  timothy  on  the  production  of 
nitrates  in  soil 
On  the  experiment  field  in  which  most  of  the  experiments  just  described 
were  conducted,  and  consequently  on  similar  soil,  certain  plats  had  been 
seeded  to  alfalfa  and  contiguous  plats  to  timothy  in  the  spring  of  1906. 
These  plats  remained  continuously  in  the  same  crops  until  the  fall  of  1911. 
At  the  time  when  the  seeding  was  done,  part  of  the  land  planted  to  each  of 
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the  crops  received  an  application  of  quicklime  at  the  rate  of  2000  pounds 
per  acre.  Alfalia  roots  on  both  limed  and  unlimed  soil  possessed  tubercles. 
In  the  spring  of  1910  strips  of  land  through  both  the  limed  and  the  unlimed 
parts  of  the  alfalfa  and  the  timothy  plats  were  hoed  bare  of  vegetation,  and 
these  strips  were  kept  free  from  plants  of  all  kinds  during  1910  and  1911. 

The  nitrate^oducing  power  of  alfalfa  soil  and  of  timothy  soil 

The  rate  at  which  nitrate  formation  takes  place  in  soil  is  well  known  to 
be  influenced  by  a  number  of  conditions,  such  as  the  basicity  of  the  soil, 
the  degree  of  aeration,  and  the  like.  That  it  may  be  influenced  by  the 
nature  of  the  vegetation  growing  on  the  soil  appears  to  be  true  of  the  soil 
used  in  these  experiments.  The  method  adopted  for  measuring  nitrate  pro- 
duction was  as  follows:  The  soU  was  sampled  by  means  of  a  soil  auger  to  a 
depth  of  eight  inches.  The  borings  from  the  plat  or  section  of  plat  to  be 
tested  were  mixed,  quartered,  and  placed  in  an  air-tight  jar  while  still 
moist.  When  the  jar  was  brought  to  the  laboratory,  moisture  and  nitrates 
were  determined  within  twelve  hours  after  sampling.  Nitrates  were  deter- 
mined in  100  grams  of  moist  soil  by  means  of  the  disulfonic-acid  method. 
Another  100  grains  of  moist  soil  was  placed  in  a  bottle  having  a  capacity 
of  250  cubic  centimeters,  and  suflicient  water  was  added  to  bring  the  mois- 
ture content  to  25  per  cent  of  the  dry  weight  of  the  soil.  A  loose  cotton 
plug  was  inserted  into  the  mouth  of  the  bottle,  which  was  then  placed  in 
an  incubator  and  kept  at  a  temperature  of  30^  C.  for  the  number  of  days 
stated  in  the  following  tables.  In  some  of  the  earlier  tests,  500  milligrams 
of  ammonium  sulfate  was  added  to  each  100  grams  of  soil;  this  practice 
was  afterwards  abandoned,  however,  and  does  not  apply  to  results  obtained 
after  1910.  Tests  were  made  also  by  adding  100  milligrams  of  dried  blood 
to  100  grains  of  soil  and  incubating  as  above.  The  soil  for  the  test  without 
dried  blood  and  the  soil  for  the  test  with  dried  blood  were  weighed  out  at 
the  same  time;  so  that  the  nitrification  of  the  soil  with  only  its  normal 
supply  of  organic  nitrogen  was  tested,  as  well  as  its  nitrifying  power  when 
an  abundant  supply  of  organic  nitrogen  was  present. 

In  1909  the  rate  of  nitrification  of  soil  from  the  alfalfa  plats  and  from  the 
timothy  plats  was  tested  by  using  ammonium  sulfate  as  described  above. 
The  samples  were  taken  to  a  depth  of  eight  inches  on  October  6. 

In  Table  25,  which  contains  the  results  of  these  tests,  the  quantity  of 
nitrates  produced  in  ten  days  represents  the  difference  between  the  quan- 


Digitized 


by  Google 


698 


T.  Lyttleton  Lyon  and  James  A.  Bizzbll 


tity  of  nitrates  when  the  samples  were  taken  and  the  quantity  at  the  end  of 
ten  days.  The  column  showing  the  quantity  of  nitrates  at  the  end  of 
twenty  days  has  not  had  the  original  nitrates  subtracted. 

TABLE  25.    NrntincATioN  in  Soil  unoxb  Alfauta  and  unoxb  Tmaivr 


Flat 


Crop 


Soil  treatment 


Nitrates 
produced 

in  ten 

days 

(parts  per 

million) 


Nitrates 

in  soil  at 

end  of 

twenty 

days 

(parts  per 

million) 


4001  A 

4002  A 

4001  C 

4002  C 


Alfalfa.. 
Timothy 
Alfalfa.. 
Timothy 


Limed. . . 
Limed. . . 
Not  limed 
Not  limed 


176 

145 

92 

77 


381 
361 
148 
148 


It  appears  from  the  results  here  tabulated  that  the  alfalfa  soil,  both  when 
limed  and  when  not  limed,  has  a  capacity  for  converting  ammonia  into 
nitric  acid  more  quickly  than  does  the  timothy  soil.  This  is  indicated  by 
the  results  at  the  end  of  ten  days.  At  the  end  of  twenty  days,  however, 
the  crop  factor  did  not  affect  the  total  production  of  nitrates,  at  which 
time  there  had  accumulated  about  all  the  nitrates  that  the  nitrifjring 
organisms  were  capable  of  producing  in  the  presence  of  their  own  products. 

The  character  of  the  plants  grown  may  therefore  affect  the  rate  of  nitri- 
fication but  not  the  limit  of  nitrate  accumulation  in  the  soil.  The  former, 
however,  is  of  greater  importance  than  the  latter,  as,  under  field  conditions, 
nitrates  are  constantly  being  removed  by  plant  roots  or  by  drainage  water 
and  the  supply  for  the  growing  crops  depends  on  the  rate  at  which  nitrates 
are  being  formed. 

Another  test  of  nitrification  in  the  soil  previously  under  these  crops  was 
made  on  July  6, 1910.  The  samples  for  this  test  were  taken  from  the  bare 
strip  on  each  plat.    The  results  are  stated  in  Table  26. 

Nitrate  formation  is  greater  in  each  case  in  the  soil  which  previously 
grew  alfalfa  than  in  the  soil  on  which  timothy  had  been  grown. 

In  1911  tests  of  nitrate  formation  in  the  soil  under  the  crops  and  also  in 
the  bare  strips  on  these  plats  were  made.  Samples  were  taken  to  a  depth 
of  eight  inches  on  May  10,  May  29,  and  November  8.    In  Table  27  are 
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TABLE  26.  Nitrate  Formation  in  Soil  which  Had  Prbviouslt  Grown  Alfalpa 
AND  Timothy,  but  which  Was  Kept  Free  from  Vegetation  during  the  Year  in 
which  Test  Was  Made 


Flat 

Soil  treatment 

Previous  crop 

Nitrates 
produced 

in  seven 

days 
(parts  per 

million) 

4001  A 

Limed 

Alfalfa     . 

33 

4002  A 

Limed 

Timothy 

Alfalfa 

29 

4001  C 

Not  limed 

Not  limed 

26 

4002  C 

Timothy 

u 

recorded  the  nitrates  produced  in  fourteen  days  incubation.  These  figures 
represent  the  differences  between  the  nitrates  at  the  end  of  the  incubation 
period  and  the  nitrates  in  the  soil  as  it  came  from  the  field. 


TABLE  27. 


Nitrate  Formation  in  Soil  from  Plats  on  which  Alfalfa  and  Timothy 
Were  Grown  and  from  Unplanted  Sections  of  these  Plats 


put 

Crop 

Nitrates  produced  in  fourteen  days 
(parts  per  million) 

May  10 

May  29 

November  8 

4001  A,  4001  C 

Alfalfa 

48 
48 
60 
42 

59 
40 
41 
33 

48 

4001  A,  4001  C 

None 

16 

4002  A,  4002  C 

Timothy 

None 

34 

4002  A,  4002  C 

15 

Except  in  the  first  test  made,  the  alfalfa  soil  showed  a  greater  nitrate 
production  than  did  the  timothy  soil.  In  every  case  the  bare  soil  previously 
planted  to  alfalfa  nitrified  more  rapidly  than  did  the  bare  soil  previously 
planted  to  timothy.  In  the  test  of  November  8  the  nitrates  in  the  bare 
8oil  as  it  came  from  the  field  were  so  high  that  the  increase  during  incubar 
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tion  was  probably  curtailed  by  the  inhibiting  action  of  the  products  of  the 
nitrifying  bacteria. 

The  natural  inference  from  these  results  is  that  in  some  way  the  growth 
of  alfalfa  renders  this  soil  capable  of  developing  nitrates  more  rapidly  Uian 
does  the  growth  of  timothy,  and  that  this  quality  persists  in  the  soil  for  at 
least  one  or  two  years  after  the  crops  are  removed. 

In  addition  to  the  incubation  tests  of  the  natural  soil,  further  experi- 
ments were  conducted  by  adding  to  100  grams  of  fresh  soil  100  milligrams 
of  dried  blood  and  incubating  as  before.  In  Table  28  appears  a  statement 
of  the  quantity  of  nitrates  produced  in  fourteen  days  under  these  condi- 
tions, and  also  the  excess  of  nitrates  when  the  soil  is  incubated  with  dried 
blood  over  those  formed  by  incubation  of  the  natural  soil: 

TABLE  28.    Nitrates  Prooucsi)  bt  Ikcubatiok  wtth  Dubd  Blood 
(Pastb  pkb  Miluon) 


put 

Crop 

Nitrates  produced 
in  fourteen  days 

Exoeas  of  nitrates  with 
dried      Uood      over 
those     with     direct 
incubation 

May  10 

May  29 

May  10 

May  29 

4001  A,  4001  C 

AKalfa 

172 
196 
133 
130 

177 
150 
108 
105 

124 

148 

83 

88 

118 

4001  A,  4001  C 

None 

110 

4002A,4002C 

Timothy 

None 

67 

4002A,4002C 

72 

Here  again  there  is  shown  to  be  a  more  active  nitrate  production  in  the 
alfalfa  soil  than  in  the  timothy  soil.  The  object  in  incorporating  dried 
blood  with  the  soil  was  to  insure  the  presence  of  a  large  quantity  of  easily 
ammonifiable  and  nitrifiable  nitrogen,  thus  making  it  possible  to  measure 
the  activity  of  the  ammonifying  and  nitrifying  organisms  independently  of 
the  native  nitrogenous  matter  which  might  be  present  in  larger  quantity 
in  the  alfalfa  than  in  the  timothy  soil.  The  activity  of  the  nitrate-pro- 
ducing bacteria  may  therefore  best  be  represented  by  the  values  obtained 
by  subtracting  the  nitrates  produced  by  direct  mcubation  from  those 
obtained  by  incubation  with  dried  blood.    The  two  last  columns  of  Table 
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28  give  these  results.  In  both  tests  the  nitrate-forming  bacteria  in  the 
alfalfa  soil  are  more  active  than  are  those  in  the  timothy  soil. 

From  these  data  the  conclusion  may  be  drawn  that  the  growth  of  alfalfa 
on  this  soil  has  given  rise  to  greater  activity  on  the  part  of  the  nitrate- 
producing  bacteria,  or  that  at  least  it  has  not  had  so  pronounced  an  inhib- 
iting action  as  the  timothy  has  had. 

It  is  difficult  to  determine  whether  the  effect  of  the  alfalfa  on  the  soil  has 
been  to  increase  the  activity  of  the  nitrifying  bacteria  as  compared  with  the 
unplanted  soil,  or  only  as  compared  with  the  timothy  soil.  In  other  words, 
it  may  be  the  case  merely  that  alfalfa  depresses  nitrification  less  than  does 
timothy.  One  reason  why  it  is  difficult  to  ascertain  the  relative  activity 
of  the  nitrifying  bacteria  in  the  planted  and  the  unplanted  soil  is  because 
nitrates  are  higher  in  the  unplanted  soil  as  it  comes  from  the  field  and  the 
increase  during  incubation  reaches  a  point  at  which  the  products  formed 
may  interfere  with  further  action. 

The  columns  in  Table  28  in  which  is  stated  the  excess  of  nitrates  when 
the  soil  was  incubated  with  dried  blood  over  those  with  direct  incubation, 
possibly  give  some  light  on  this  question.  It  will  be  noticed  that  the 
planted  soil  produced  about  the  same  excess,  in  the  main,  as  did  the 
unplanted  soil.  Unfortunately,  incubation  with  dried  blood  was  not  per- 
formed in  the  test  made  later  in  the  season.  It  seems  probable  that  the 
character  of  the  organic  matter  left  in  the  soil  by  the  plants  determines  to 
some  extent  the  rate  of  nitrification  in  this  soil.    This  is  indicated  by  the 

TABLE  29.    Nitratbs  Produced  by  Incubation  both  wrra  and  without  Dried  Blood 
IN  Unumed  Soil  (Parts  per  Miluon) 


Crop 

NitraUis  produced 

in  fourteen  days 

Excess  of  nitrates 
with  dried  blood 

put 

May  10 

May  29 

over  those  with 
direct  incubation 

Incubation 

with 

natural 

■oU 

Incubation 
with 
dried 
blood 

Incubation 

with 

natural 

•oil 

Incubation 
with 
dried 
blood 

May  10 

May  29 

4001  C 

Alfalfa 

06 
65 
66 
49 

213 
206 
160 
170 

82 
42 
47 
29 

227 
193 
136 
112 

147 
141 
113 
121 

145 

4001  C 

None 

151 

4002C 

Timothy 

89 

4002C 

None 

83 
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fact  that,  while  with  incubation  of  the  natural  soil  the  rate  of  nitrification 
is  more  rapid  in  the  planted  than  in  the  unplanted  soil,  yet  when  nitrifica- 
tion is  independent  of  the  native  organic  matter  the  rate  is  practically  the 
same  for  both  the  planted  and  the  unplanted  soil. 

Another  question  that  presents  itself  is  whether  the  rate  of  nitrate  foi^ 
mation  in  the  unlimed  soil  would  be  in  the  order  named.  In  Table  29  the 
quantities  of  nitrates  produced  during  incubation,  both  with  and  without 
dried  blood,  are  stated  for  the  unlimed  soil  from  the  alfalfa  and  the  timothy 
plats.  It  is  seen  from  this  table  that  the  rate  of  nitrate  formation  is  in  the 
same  order  as  in  Table  28. 

The  nitrate  content  of  alfalfa  soil  and  of  timothy  sail 

Determinations  of  nitrates  in  soil  growing  alfalfa  and  in  soil  growing 
timothy  were  made  from  time  to  time  from  the  smnmer  of  1906,  when  the 
seeding  was  done,  to  the  autumn  of  1911.  In  1910  and  1911  nitrates  were 
determined  also  in  the  unplanted  sections  of  these  plats.  The  nitrate  con- 
tent of  the  planted  sections  of  the  plats  during  the  first  year  of  growth  of 
alfalfa  and  of  timothy,  and  of  both  the  planted  and  the  unplanted  sections 
during  the  last  two  years,  are  given  in  Table  30: 

TABLE  30.    Nitrates  in  Soil  under  Alfalfa  and  under  Timotht,  and  in  Bars  Soil 
Previoublt  Planted  to  these  Crops  (Parts  per  Miluon) 


1006 

1910 

1911 

Crop 

May  25 

July  16 

Septem- 
ber6 

July  6 

May  10 

May  29 

July  31 

No- 
vembers 

Alfalfa 

None 

Timothy 

None 

37 

"si 

23 
'  2i 

11 

8 

21 

42 

4 

21 

11 

39 

4 

18 

10 

65 

6 

32 

8 
121 

1 
50 

5 
145 

3 
129 

It  may  be  seen  in  Table  30  that  the  nitrates  under  timothy  are  somewhat 
lower  than  under  alfalfa,  but  that  the  difference  is  not  great  especially 
when  compared  with  the  nitrates  in  the  unplanted  soil.  The  indications 
are,  therefore,  that  alfalfa  either  absorbs  nitrates  from  the  soil  or  depresses 
nitrate  formation  to  a  very  great  extent.  If,  however,  the  nitrates  imder 
alfalfa  are  compared  with  those  in  the  bare  soil  previously  planted  to 
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alfalfa,  and  then  the  nitrates  under  timothy  are  compared  with  those  in  the 
bare  soil  previously  planted  to  timothy,  it  is  evident  that  the  nitrates  are 
relatively  much  lower  under  alfalfa.  As  the  nitrates  in  the  implanted 
soil  represent  the  available  nitrates  for  .each  crop,  it  is  apparent  that 
alfalfa  either  has  a  much  greater  effect  than  has  timothy  in  inhibiting 
nitrate  formation  or  is  using  more  nitrates  than  is  timothy.  But  it  has 
been  shown  previously  that  alfalfa  has  a  stimulating  effect  on  nitrate  for- 
mation as  compared  with  timothy.  It  must  be  concluded,  therefore,  that, 
imder  similar  conditions,  alfalfa  on  this  soil  is  absorbing  more  nitrates  than 
b  timothy. 

Since  there  was  some  doubt  in  regard  to  the  relation  that  these  two 
crops  may  have  to  the  nitrate  content  of  the  soil  below  the  surface  foot — 
especially  as  alfalfa  is  a  much  deeper-rooting  plant  than  timothy  —  the 
soil  was  sampled  on  July  6,  1910,  to  a  depth  of  four  feet  and  the  samples 
from  each  foot  were  analyzed  separately.  The  same  number  of  borings 
were  taken  for  these  analyses  as  for  the  others.  Both  the  planted  and 
the  implanted  sections  of  the  plats  were  sampled.  The  results  of  the 
analyses  are  given  in  Table  31. 

It  is  seen  from  this  table  that  the  depths  below  the  surface  foot  contain 
very  small  quantities  of  nitrates  under  both  crops,  and  even  in  the 
implanted  soil  the  nitrates  below  the  first  foot  do  not  change  the  relations 
that  exist  in  the  surface  soil.  The  samples  were  taken  in  midsummer, 
when  the  nitrates  would  have  had.  ample  opportunity  to  leach  into  the 
lower  soil;  they  were  obtained  five  years  after  the  crops  were  planted, 
during  which  time  the  alfalfa  roots  had  penetrated  much  beyond  the  upper 
four  feet  of  soil.  It  may  safely  be  assumed  that  the  nitrates  in  the  first 
foot  of  soil  under  these  crops  give  an  adequate  conception  of  the  relative 
nitrate  content  of  both  crops. 

Nitrifying  activity  of  soil  under  crops  (is  shown  by  inocukUion  tests 
Further  experiments  were  conducted  with  maize,  oats,  and  bare  soil,  in 
which  the  nitrifying  activity  of  the  soil  from  a  number  of  the  plats  was 
maintained  at  a  temperature  favorable  for  nitrification  and  at  an  optimum 
moisture  content  for  a  nmnber  of  days,  both  when  dried  blood  was  added 
to  the  soil  and  when  the  soil  was  untreated.  The  object  in  adding  dried 
blood  was  to  have  in  the  soil  an  abundance  of  easily  ammonifiable  and 
nitrifiable  organic  matter  and  thus  eliminate  the  errors  that  might  arise 


Digitized 


by  Google 


704 


T.  Lyttleton  Lyon  and  James  A-  Bizzell 


TABLE  31.  NmiATBs  ik  Soil  ukdbh  Altai^a  and  unobr  TmoTHT,  ahd  nr  Son.  vhat 
Had  Pbkyiouslt  Grown  thbsb  Ckops  but  that  Wab  Kbpt  Fbbb  fbom  Vbgxtation. 
Sampias  Takbn  July  6,  1910 


Depth 

(feet) 

Crop  on  soil  when  sampled 

Bare  soil 

Plat 

Crop 

Soil 
treatment 

Nitrates 

(parts 

million) 

crop 

Nitraies 
(parts 

million) 

4001  a... 
4001  a... 
4001  a... 
4001  a... 

1 
2 
3 
4 

Atfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

limed 

Limed 

Limed 

Limed 

14 
1 

1 
1 

Alfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

46 
7 
5 
3 

Total... 

17 

61 

4002  a... 
4002a... 
4002  a... 
4002  a... 

1 
2 
3 
4 

Timotiiy 

Timothy 

Timothy 

Timothy 

Limed 

Limed 

Limed 

6 

I 
1 
1 

Timotiiy 

Timothy 

Timothy 

Timothy 

30 

3 

3 

Trace 

Total. . . 

9 

36 

4001  c... 
4001  c... 
4001  c... 
4001  c... 

1 
2 
3 
4 

Alfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

Not  limed.... 
Not  limed.... 
Not  limed.... 
Not  limed.... 

28 

3 

2 

Trace 

Alfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

39 

14 

3 

1 

Total... 

33 

57 



4002  c... 
4002  c... 
4002  c... 
4002  c... 

1 
2 
3 
4 

Timothy 

Timothy 

Timothy 

Timothy 

Not  limed.... 

Not  limed 

Not  limed 

Not  limed.... 

3 
Trace 
Trace 
Trace 

Timothy 

Timothy 

Timothy 

Timothy 

12 

3 

Trace 

Trace 

Total... 

3 

15 

through  differences  in  the  soil  in  this  respect.  The  nitrate  content  of  the 
soil  as  it  came  from  the  field  was  then  subtracted  from  the  nitrate  content 
after  incubation  without  dried  blood,  in  order  to  ascertain  the  nitrifjring 
activity  of  the  soil.  The  nitrates  formed  in  the  soil  treated  with  dried 
blood  less  the  nitrates  in  the  field  soil  possibly  represent  the  efficiency  of 
the  nitrate-forming  bacteria  more  nearly  than  do  the  nitrates  produced 
either  by  direct  incubation  or  by  incubation  with  dried  blood.    In  TaUe 
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32  these  values  are  given,  and  also  the  figures  for  the  nitrates  formed  by 
incubation  with  dried  blood  less  those  formed  by  direct  incubation,  which 
probably  also  represent  the  efficiency  of  the  nitrate-forming  bacteria. 

The  method  used  in  measuring  the  nitrate-forming  activity  of  the  soil 
was  as  follows:  The  soil  was  sampled  by  means  of  a  soil  auger  to  a  depth 
of  eight  inches.  The  borings  from  the  plat  or  section  of  plat  to  be  tested 
were  mixed,  quartered,  and  placed  in  an  lur-tight  jar  while  still  moist. 
When  the  jar  was  brought  to  the  laboratory,  moisture  and  nitrates  were 
determined  within  twelve  hours  after  sampling.  Nitrates  were  deter- 
mined in  100  grams  of  moist  soil  by  means  of  the  disulfonic-acid  method. 
Another  100  grams  of  moist  soil  was  placed  in  a  bottle  having  a  capacity  of 
250  cubic  centimeters,  and  sufficient  water  was  added  to  bring  the  moisture 
content  to  25  per  cent  of  the  dry  weight  of  the  soil.  A  loose  cotton  plug 
was  inserted  into  the  mouth  of  the  bottle,  which  was  then  placed  in  an 
incubator  and  kept  at  a  temperature  of  30^  C.  and  at  a  constant  moisture 
content  for  fourteen  days,  at  the  end  of  which  time  nitrates  were  deter- 
mined. Tests  were  made  also  by  adding  100  milligrams  of  dried  blood  to 
100  grams  of  fresh  soil  and  incubating  as  above.  The  samples  of  soil 
for  tests  with  dried  blood  and  those  for  tests  without  dried  blood  were 
weighed  out  at  the  same  time,  so  that  the  conditions  of  the  test  were 
similar  except  for  the  addition  of  the  dried  blood. 


TABLE  32. 


NiTRATi  Formation  in  Planted  and  TTnplantbd  Soil  Incubated  with 
AND  without  Dried  Blood,  in  1911  (Parts  per  Million) 


Plat 

Crop  and  treatment 

NitratQs  in  natural  soil 
less  field  nitrates 

Nitrates  in  soil 

plus  dried 

blood,  less 

field  nitrates 

Nitrates  in  soil  plus 

dried  blood,  loas  nitrates 

from  incubation  with 

natural  soil 

June 
16 

July 
10 

October 

'      9 

June 
16 

July 
10 

June 
16 

July 
10 

August 

4 

2201,2309 
2401.2409 
2201.2209 

Maise.  mulched 

None 

32 
33 
40 
39 
46 
67 

46 
37 
56 
45 
40 
37 

26 
26 
30 
32 
30 
39 

110 
126 
119 
139 
105 
118 

142 
125 
141 
127 
115 
111 

78 
93 
79 
100 
59 
61 

96 
88 
85 
82 
75 
74 

2401,2409 
2203,2211 
2403.2411 
2203,2211 

Mai»e,  cultivated 

'  None 

2403,2411 
2207. 2215 
2407,  2415 
2207.2215 
2407,2415 

Oats 

51 

None 

50 

54 
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Considering  first  the  nitrates  formed  by  incubation  of  the  natural,  or 
untreated,  soil,  it  will  be  seen  that  on  June  16  the  maize-planted  and  the 
bare  soil  showed  approximately  equal  nitrate  formation.  At  this  time 
the  maize  was  about  eight  inches  high.  On  the  same  date  the  soil  from 
the  oats,  which  were  about  a  foot  high,  gave  less  nitrate  formation  in  the 
planted  than  in  the  implanted  soil.  On  July  10  both  the  maize  and  ihe 
oat  soil  produced  more  nitrates  than  did  the  bare  soil.  The  maize  soil 
was  particularly  active  in  this  respect.  On  October  9  nitrate  formation 
was  less  in  the  planted  than  in  the  unplanted  soil.  On  July  10  the  maize 
had  not  yet  started  to  tassel  and  the  oats  were  in  a  late  stage  of  bloonu 
On  October  9  growth  had  ceased. 

Incubation  with  dried  blood  on  June  16  shows  less  nitrate  formation  in 
the  planted  than  in  the  implanted  soil  of  both  crops.  The  incubations 
of  July  10  show  more  nitrate  formation  in  the  planted  soil,  for  both  maize 
and  oats.  With  an  abundant  supply  of  organic  nitrogen  the  nitrate- 
forming  bacteria  were  very  active  in  the  planted  soil  at  this  stage  of  growth, 
which  is  an  active  stage  for  both  these  plants.  These  results  are  in  line 
with  the  results  obtained  by  determinations  of  nitrates  in  the  field;  in 
those  tests  it  was  sometimes  found  that  during  the  active  stages  of  growth 
the  nitrates  in  the  maize  soil  were  higher  than  those  in  the  corresponding 
unplanted  soil.  Nitrates  under  oats  in  the  field  were  never  so  high  as  in 
the  bare  soil.  It  was  concluded  from  analyses  of  the  field  samples  that, 
while  the  oat  plant  probably  stimulates  the  formation  of  nitrates  during 
some  stages  of  its  growth,  the  effect  which  it  exerts  in  this  way  is  not  so 
great  as  that  produced  by  the  maize  plant.  The  results  obtained  by  these 
incubation  tests  show  a  greater  nitrate  production  in  the  maize  soil  than 
in  the  oat  soil. 

There  is  one  essential  difference  between  nitrate  formation  in  the  field 
soil  and  in  the  soil  brought  to  the  laboratory  and  placed  in  the  incubator: 
the  latter  soil  is  thoroughly  aerated,  and  some  conditions  favorable  or 
inimical  to  nitrate  formation  may  be  dispelled. 

On  October  9  incubation  tests  were  made  only  with  the  natural  soil. 
Nitrate  production  on  that  date  was  less  in  the  planted  soil.  This  is  ag»n 
in  line  with  the  results  obtained  from  field  samples,  in  which  the  nitrate 
content  was  always  very  low  under  a  crop  during  the  later  stages  of  growth 
or  after  maturing.  The  incubation  tests  show  a  markedly  depressing 
influence  for  the  oat  crop  and  a  slight  depression  for  the  maize  crop.    The 
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depressing  effect  of  the  oat  crop  on  nitrate  formation  was  shown,  by  other 
experiments,  to  be  carried  over  to  the  succeeding  year,  when  land  pre- 
viously in  maize  contained  uniformly  a  higher  nitrate  content  than  did 
land  previously  in  oats. 

The  depressing  influence  of  the  plant  is  thus  shown  to  be  an  indirect 
one,  and  to  remain  with  the  soil  for  a  considerable  length  of  time.  Neither 
influence  is  completely  nullified  by  aeration,  at  least  by  such  aeration  as 
is  involved  in  the  process  of  sampling  the  soil  and  transferring  it  to  bottles 
for  incubation,  although  this  operation  necessitates  a  very  thorough 
stirring  of  the  soil.  It  is  altogether  probable,  however,  that  the  depressing 
influence  is  decreased  by  this  process.  It  is  much  more  marked  in  field 
tests  than  in  incubation  tests;  but  the  former  always  involve  the  removal 
of  nitrates  by  the  crop,  which  introduces  an  unknown  factor.  Data  will 
be  presented  later,  showing  that  freezing  dispels  in  part  the  depressing 
effect  of  the  plant  on  nitrate  formation. 


Formaiion  of  nitrates  in  soil  after  freezing  and  (hawing 

It  has  been  suggested  by  the  writers  that  plants  which  mature  on  the 
soil  have  a  depressing^  effect  on  nitrate  formation  in  that  soil  for  some  time 
afterwards.  If  this  is  the  case,  it  seems  probable  that  the  inhibiting  effect 
of  the  crop  may  be  removed  in  greater  or  less  degree  by  subjecting  the  soil 
to  certain  treatments.  The  effect  of  aeration  on  formation  of  nitrates  is 
well  known.  To  what  extent  freezing  may  affect  the  nitrifying  property  of 
a  soil  is  not  so  well  imderstood,  as  few  experiments  on  that  subject  have 
been  published. 

Recently  Brown  and  Smith  (1912)  reported  that  in  ammonification  tests 
in  peptone  solutions  and  in  soil  to  which  infusions  of  field  soil  were  added 
at  intervals  from  October  17  to  March  1,  the  ammonifying  power  was 
greater  after  the  soil  had  become  frozen  than  before.  Similar  tests  of  the 
nitrifying  power  of  the  field  soil  did  not  indicate  an  increase  in  the  nitri- 
lymg  power  of  the  frozen  soil,  but  these  investigators  did  not  consider 
their  results  in  this  experiment  conclusive.  Four  pots  of  soil  that  had 
been  in  the  greenhouse  for  a  year  and  had  raised  a  crop  of  wheat  and  a  crop 
of  millet  during  that  time  were  used  in  the  experiment.  Pots  127  and  128 
contained  the  same  kind  of  soil  and  had  received  the  same  treatment,  and 
pots  343  and  344  corresponded  with  each  other  in  these  respects.    The 


Digitized 


by  Google 


7o8 


T.  Lyttleton  Lyon  and  James  A.  Bizzell 


two  first-mentioned  pots  contained  Volusia  silt  loam  and  the  other  two 
contained  Dunkirk  clay  loam. 

On  December  28,  1911,  pots  127  and  343  were  placed  in  a  building  in 
which  the  temperature  corresponded  closely  with  that  of  the  outside 
air  but  the  moisture  content  of  the  soil  could  be  controlled.  Pots  128  and 
344  remained  in  the  greenhouse.  All  the  pots  were  kept  bare  of  v^eta- 
tion  and  were  maintained  at  a  moisture  content  of  about  25  per  cent  of  the 
dry  weight  of  the  soil.  On  February  28,  1912,  pots  127  and  343  were 
returned  to  the  greenhouse.  During  most  of  the  time  that  they  were  in 
the  outside  building  they  were  frozen,  and  two  or  three  times  they  thawed. 
They  stood  in  the  greenhouse  with  pots  128  and  344  imtil  March  4,  when 
all  were  brought  to  the  laboratory  and  nitrates  were  determined.  The 
results  are  shown  in  Table  33: 

TABLE  33.    Nitrates  in  Soils  Subjected  to  Frbbztno  and  in  Similar  Sons 
Remaining  Unfrozkn 


Pot 

Kind  of  soil 

Treatment 

Nitrates 

(parts  per 

millioD) 

127 

Volusia  sUt  loam 

Volusia  silt  loam 

Dimldrk  clay  loam 

Dunkirk  clay  loam .... 

Frosen 

155 

128 

Unfrosen 

Frosen 

112 

343 

92 

344 

Unfrosen 

70 

It  would  appear  from  this  table  that  freezing  produces  a  condition  of 
soil  favorable  for  nitrate  formation.  The  well-known  action  of  frost  in 
producing  a  granular  condition  of  a  clay  soil  may  have  operated  to  some 
extent  to  bring  about  this  condition.  To  what  extent  the  more  active 
production  of  nitrates  is  due  to  aeration  and  to  what  extent  it  is  due  to  cold, 
it  is  impossible  to  say;  but  the  obvious  effect  is  to  overcome  the  depressing 
influence  of  the  crop  previously  grown  and  to  permit  the  resumption  of 
nitrate  formation  required  for  the  growth  of  the  crop  that  follows. 

The  depressing  influence  of  grass  on  nitrate  formatum  a  possible  ffidar  in 

orchard  management 
The  experiments  by  Deh6rain  and  by  Leather,  already  cited,  indicate 
that  all  the  plants  tested  except  maize  depressed  the  formation  of  nitrates 
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to  such  an  extent  that  the  nitrogen  in  the  crop  plus  that  in  the  drainage 
water  was  less  than  the  nitrogen  in  the  drainage  water  from  an  unplanted 
lysimeter  containing  a  similar  soil.  These  results  are  in  part  confirmed 
by  experiments  conducted  by  the  writers  with  somewhat  similar  appa- 
ratus. The  writers  have  had  only  two  years  in  which  to  use  this  set  of 
tanks,  and  hence  the  data  are  probably  not  entirely  reliable. 

Experiments  were  conducted  in.  large  concrete  tanks  filled  with  soil. 
The  tanks  are  four  feet  two  inches  square  and  four  feet  deep  and  each  tank 
holds  about  three  and  one  half  tons  of  soil.  The  soil  used  was  from  the 
experiment  field  in  which  most  of  the  other  experiments  with  nitrate  for- 
mation were  conducted.  The  tank  soil  receives  the  natural  rainfall  and 
no  other  water  supply.  The  drainage  water  is  all  collected  and  measured 
and  samples  are  taken  for  analysis.  In  1910  four  tanks  were  planted  to 
maize,  two  were  planted  to  oats,  and  three  remained  implanted.  In  1911 
four  tanks  were  in  oats,  two  were  in  grass,  and  two  were  bare  of  vegetation. 
The  unplanted  tanks  were  cultivated  in  1910,  and  in  1911  they  were 
scraped  in  order  to  remove  weeds  without  stirring. 

In  Table  34  are  given  the  quantities  of  nitrogen  in  the  drainage  water, 
and  in  the  crop,  including  the  estimated  quantities  in  the  roots,  for  the 
periods  already  stated. 

The  results  do  not  agree  in  every  respect  with  those  obtained  by  Leather 
and  by  Deh^rain.  Both  the  tanks  planted  with  maize  and  those  planted 
with  oats  contained  a  larger  quantity  of  nitr(^en  in  the  crop  and  the 
drainage  water  combined  than  the  implanted  tanks  contained  in  the 
drainage  water.  The  grass-planted  tanks,  like  those  of  the  experimenters 
just  cited,  contained  notably  less.  In  fact,  less  than  two  thirds  as  much 
nitrogen  was  found  in  the  combined  crops  and  drainage  from  the  grass 
tanks  as  was  found  in  drainage  frdm  the  bare  tanks. 

The  quantity  of  nitrogen  removed  by  the  crop  and  the  drainage  water 
combined  is  in  the  same  order  with  respect  to  the  kind  of  plant  grown  as  is 
the  nitrate  content  of  the  soil,  as  shown  by  the  plat  experiments.  Thus, 
the  nitrogen  removed  from  the  maize  plats  was  greatest,  that  from  the  oats 
plats  was  next,  and  that  from  the  grass  plats  was  least;  and  the  nitrate 
content  of  the  maize  soil  is  higher  during  the  growing  season  than  is  that 
of  oats,  and  the  latter  soil  has  uniformly  a  higher  nitrate  content  than  has 
grass  land.    These  results  are  shown  graphically  in  Diagram  XXV. 
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TABLE  34.    Removal  of  Nithogbh  fbom  Puuttbo  and  Ukplamtbo  Soil  Taxxs 


(May  23, 1910,  to  May  1, 1911) 

Crop 

Nitrogen  (pounds  per  aere)  in 

Tanks 

Drainage 

Top. 

Roots* 
(estimated) 

Tops, 
drainage 

2,4,8 

None 

120 
11 
12 

lib 

90 

47 

30 

120 

3,5,7,9 

Maiie 

196 

6,  10 

Oats 

132 

(May  1, 1911,  to  May  1, 1912) 

Crop 

Nitrogen  (pounds  per  acre)  in 

Tanks 

Drainage 

Tops 

Roots* 
(estimated) 

Tops, 

roots, 

and 

dndnage 

4,  8 

None 

68 
5 

1 

52 

30 

17 

10 

68 

3,5,7,9 

Oats 

74 

6,  10 

Grass 

41 

*  Nttrocen  in  root*  estimated  m  one  third  that  in  tops. 

If  plants  have  a  stimulating  influence  on  nitrate  formation  during  the 
earlier  growing  stages  and  a  depressing  influence  later,  the  nitrogen  in  the 
drainage  water  plus  the  nitrogen  in  the  crop  will  be  greater  or  less  than 
the  nitrogen  in  the  drainage  water  from  the  unplanted  soil,  in  proportion 
to  the  relative  activities  of  the  two  influences  and  also  to  the  extent  to 
which  the  plant  in  question  absorbs  nitrogen  in  forms  other  than  as  nitrates. 

In  Deh^rain's  experiments  maize  gave  about  as  much  nitrogen  in  the 
crop  and  the  drainage  water  as  was  contained  in  the  drainage  water  of  the 
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iincropped  soil ;  in  the  writers'  experiments  maize  soil  afforded  a  much  larg^ 
quantity  of  nitrogen  in  the  crop  and  drainage.  Oats  also,  in  the  writers' 
experiments,  accumulated  more  nitrogen  in  the  crop  and  drainage  water  than 
was  contained  in  the  water  from  the  bare  soil.  Grass,  however,  gave 
results  of  a  nature  similar  to  those  obtained  by  Deh^rain,  but  in  less  degree. 

It  is  evident  that  in  the  case  of  grass  the  depressing  influence  on  nitrate 
formation  is  greater  than  the  stimulating  influence. 

The  discrepancy  .between  the  writers'  results  and  those  obtained  by 
Deh^rain  and  by  Leather  may  be  accoimted  for  in  any  one  or  more  of  the 
following  ways: 

1.  On  the  soil  used  by  the  writers  the  plants  may  have  absorbed  a  larger 
proportion  of  their  nitrogen  in  forms  other  than  as  nitrates. 

2.  Possibly  the  very  heavy  clay  soil  used  in  the  writers'  experiments 
retained  a  larger  proportion  of  nitrates,  and  this  would  have  affected 
the  bare  soil  more  than  it  would  the  planted  soil  as  the  quantity  of  nitrates 
in  the  former  was  much  greater  than  that  in  the  latter. 

3.  The  lower  layers  of  the  soil  may  have  been  the  scene  of  a  denitrify- 
ing process,  which  would  probably  have  decreased  the  nitrogen  removed 
from  the  bare  soil  more  than  that  from  the  planted  soil  because  there  were 
more  nitrates  in  the  bare  soil  to  be  denitrified. 

4.  The  stimulating  influence  of  the  higher  plants  on  nitrate  formation 
may  have  been  greater  in  comparison  with  the  depressing  influence  in  the 
soil  used  by  the  writers  than  in  the  soils  used  by  Deh^rain  and  Leather. 

The  evidence  afforded  by  the  experiments  of  Deh^rain  and  Leather  indi- 
cates that  wheat,  oats,  potatoes,  grass,  and  beets  have  a  greater  depressing 
influence  than  they  have  stimulating  influence  on  nitrate  formation,  and 
that  the  stimulating  and  the  depressing  influence  in  maize  practically 
balance  each  other.  The  high  nitrate  content  in  maize  soil  on  the  writers' 
experiment  field  in  the  ^spring  following  the  growth  of  the  maize  crop,  as 
well  as  the.  results  from  the  soil  tanks,  indicates  that  on  this  soil  the  stimu- 
lating influence  of  maize  is  greater  than  its  depressing  influence. 

It  appears  from  these  considerations  that  the  three  kinds  of  plants  grown 
in  the  tanks  at  this  station  exerted  a  greater  stimulating  influence  on 
nitrate  formation  than  did  the  same  plants  at  Grignon,  and  that  the  extent 
to  which  higher  plants  affect  nitrate  formation  favorably  or  unfavorably 
varies  in  different  soils.  The  soil  used  by  the  writers  is  evidently  very 
favorable  to  nitrate  formation. 
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That  grass  exercises  a  strongly  depressing  action  on  nitrate  formation  is 
indicated  not  only  by  the  three  sets  of  tank  experiments  cited  above,  but 
also  by  the  determinations  of  nitrates  under  timothy  sod  previously  pre- 
sented in  this  paper.  This  characteristic  of  the  grasses  almost  completely 
prevents  a  loss  of  nitrogen  in  the  soil  drainage  and  thus  tends  to  conserve 
nitrogai,  which  is  doubtless  one  of  the  factors  in  the  accumulation  of 
nitrogen  in  grassland. 

The  same  properties  of  grass  with  respect  to  nitrate  formation  may  be  a 
factor  in  the  effect  of  grass  in  orchards. 

Stewart  (1911)  has  lately  called  attention  to  the  need  of  nitrogen  in 
orchard  fertilization.  Experiments  indicate  that  under  some  conditions  the 
use  of  nitrate  fertilizer  has  been  very  effective  in  increasing  the  growth  and 
yield  of  apple  trees.  In  sod-covered  orchard  soil  the  supply  of  nitrates  must 
be  kept  very  meager  by  the  grass,  and  if  the  other  forms  of  nitrogen  in  the 
soil  are  not  such  as  to  afford  a  suitable  supply  the  trees  must  suffer  from  lack 
of  nitrogen.  Where  trees  apparently  thrive  on  sod,  a  part  of  their  nitrogen 
supply  may  come  from  some  nitrogenous  compounds  other  than  nitrates. 

The  plants  used  as  cover-crops  doubtless  exercise  an  influence  in  this 
respect.  The  practice  of  fallowing  an  orchard  imtil  July  and  then  planting 
a  cover-crop  is  in  accordance  with  the  most  economical  management  of  the 
soil  nitrogen.  In  this  way  the  formation  of  nitrates  is  favored  during  the 
early  part  of  the  summer,  and  is  depressed  when  the  supply  is  no  longer 
needed  by  the  trees  and  would  otherwise  be  leached  from  the  soil.  This 
is,  of  course,  assuming  that  nitrates  are  utilized  by  apple  trees  as  a  source 
of  nitrogen. 

The  influence  of  a  preceding  crop  on  nitrate  formation  in  soil 
While  the  practices  of  crop  rotation  have  been  fairly  well  worked  out, 
there  yet  remains  much  to  learn  regarding  the  underlying  principles. 
Most  of  the  effort  in  experimentation  with  soils  has  been  made  with  a 
view  to  ascertain  the  effect  of  certain  soil  conditions  on  plant  growth  or 
on  the  solubility  of  the  mineral  nutrients  in  various  solvents.  The  study 
of  the  principles  of  crop  rotation  necessitates  the  investigation  of  the  effect 
of  plant  growth  on  the  soil.  The  fact  that  a  certain  plant  grows  better 
when  preceded  by  one  species  of  plant  than  when  preceded  by  another  is 
a  self-evident  indication  that  plants  of  different  species  exert  different  in- 
fluences on  the  soil. 
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The  writers  have  ahready  suggested  that  certain  higher  plants  have  a 
distinct  influence  on  the  process  of  nitrification  in  the  soil,  and  that  this 
influence  varies  in  intensity  with  plants  of  different  families  and  at  different 
stages  in  the  growth  of  any  one  kind  of  plant.  It  was  found,  for  instance, 
that  in  a  soil  on  which  nudze  was  growing  the  nitrates  were  sometimes 
higher  at  certain  periods  than  in  a  similar  soil  on  which  no  plants  grew. 
Timothy  (Phleum  praiense),  on  the  other  hand,  maintained  uniformly  a 
very  low  nitrate  content  in  the  soil  throughout  the  growing  period. 

The  question  then  arose  whether  the  higher  plants  exert  any  infiuoace 
on  the  activities  of  the  nitrifying  bacteria  after  the  plants  are  removed. 
In  order  to  test  this  it  was  decided  to  continue  the  nitrate  determinations 
for  a  second  year,  in  soil  that  had  been  planted  to  several  kinds  of  crops. 

Plats  that  had  been  used  in  1910  for  studying  the  ^ect  of  plants  on  the 
nitrate  content  of  soils  were  left  bare  in  1911  until  July  1.  In  order  to 
keep  down  weeds  the  plats  were  disk-harrowed  from  time  to  time.  Samples 
of  soil  were  taken  from  the  sections  of  the  plats  that  were  planted  and 
those  that  were  bare  in  1910,  for  the  purpose  of  ascertaining  the  effect  on 
the  nitrate  content  of  the  soil  of  the  different  crops  grown  in  the  previous 
year.  The  borings  were  made  to  a  depth  of  eight  inches  below  the  surface, 
and  from  eight  to  siicteen  inches  below  the  surface.  In  Table  35  are  pre- 
sented the  results  averaged  for  the  entire  season  for  the  four  plats  planted 
to  the  same  crop,  also  the  averages  of  the  implanted  sections  of  the  same 
plats  during  the  growing  season  of  1910.  The  table  consequently  shows 
the  nitrate  content  of  the  soil  in  the  year  during  which  the  test  crops  were 
grown. 


TABLE  35. 


NiTRATis  IN  Planted  and  Unplantbd  Sections  of  Platb. 
THE  Growing  Season,  1910 


Aykraob  fOI 


FIM 

Crop 

Nitrates 
(parts  per 
million) 

On  basis 

of  nitrates 

in  unplanted 

soU  taken 

as  100 

Nitrogen 
in  crop 
(pounds 
peraoe) 

/  Maiie 

167 
136 
104 
lOS 
90 
126 

123 
100 

96 
100 

71 
100 

3 

3612,  3613,  3622,  3623 

\  None 

3614.3616,3624,3626 

/Potatoes 

\None         .   . 

43 

3616,3617,3626,3627 

/Oats 

\  None 

29 
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The  nitrates  were  highest  under  the  maize,  next  highest  under  the 
potatoes,  and  lowest  under  the  oats.  Similar  results  had  been  obtained  in 
previous  years. 

The  last  column  of  Table  35  shows  the  quantity  of  nitrogen  removed  per 
acre  by  each  crop.  The  maize  crop  was  a  very  poor  one,  which  accoimts 
for  the  small  quantity  of  nitrogen  contained  in  that  crop.  It  is  doubtless 
true  that  the  small  maize  crop  is  partially  responsible  for  the  high  nitrate 
content  of  the  maize  soil;  however,  this  high  nitrate  content  has  been  found 
in  maize  soil  in  previous  years  when  the  crop  was  good.  Again,  the  per- 
sistently higher  nitrate  content  of  the  maize  soil  as  compared  with  the 
unplanted  soil  can  be  explained  only  on  the  assumption  that  nitrate  for- 
mation is  much  more  active  where  the  maize  is  growing,  for  certainly  more 
nitrates  are  being  removed  from  the  planted  soU. 

Nitrates  are  higher  in  the  potato  soil  than  in  the  oat  soil,  although  the 
former  crop  removed  nearly  fifty  per  cent  more  nitrogen  than  did  the 
latter.  The  nitrate  content  of  a  planted  soil  is  not  determined  by  the 
total  quantity  of  nitrogen  removed  by  the  crop,  but  by  a  number  of  factors, 
of  which  one  appears  to  be  a  direct  influence  which  each  species  of  plant 
exerts  on  the  activity  of  the  nitrifying  organisms. 

In  the  year  following  that  in  which  the  results  given  above  were  obtained, 
these  plats  were  kept  free  from  vegetation  until  July  1  and  nitrates  were 
determined  from  time  to  time.  In  Table  36  is  given  a  statement  of  the 
nitrates  in  the  previously  planted  and  in  the  unplanted  sections  of  these 
plats,  on  each  of  the  dates  when  the  soils  were  analyzed: 


TABLE  36. 


N1TRATI8  IN  Soil  Planted  in  the  Preyious  Year  and  Unplanted 
IN    1911 


Crop 

Mayl 

June  5 

June  28 

Flat 

Surface 
eight 
inches 

Second 
eight 
inches 

Surface 
eight 
inches 

Second 
eight 
inches 

Surface 
eight 
inches 

Second 

eight 

inches 

3612,3613,3622,3623 
3614,3615,3624,3626 
3616,3617,3626,3627 

/  Maize 

\None.... 
f  Potatoes.. 

\  None 

fOate 

\  None 

51 
48 
31 
43 
23 
32 

53 
.   52 
26 
43 
21 
40 

78 
68 
50 
80 
41 
68 

45 
44 
.    26 
43 
33 
35 

40 
40 
29 
86 
22 
34 

34 
30 
24 
29 
22 
32 
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An  examination  of  this  table  shows  that,  except  in  the  case  of  maiae,  the 
nitrates  are  lower  in  the  soil  on  which  plants  grew  during  the  previous  year 
than  in  the  soil  kept  implanted  during  that  time.  It  will  be  noticed  also 
that  the  nitrates  on  the  unplanted  soil  are  in  the  same  order  as  they  were 
when  the  plats  were  planted.  Thus,  nitrates  are  highest  in  the  soil  pre- 
viously planted  to  maize,  next  in  that  planted  to  potatoes,  and  lowest  in 
that  planted  to  oats.  This  is  brought  out  also  in  diagrams  XXVI  and 
XXVIL 

In  Table  37  is  given  a  statement  of  the  nitrates  in  the  planted  sections 
of  the  plats  in  terms  of  the  nitrates  in  the  unplanted  sections  taken  as  100. 
In  order  to  obtain  these  figures  the  nitrates  in  both  planted  ends  of  each  of 
the  four  plats  planted  to  the  same  crop  are  averaged,  and  this  average  is 
divided  by  the  average  for  the  nitrates  on  the  unplanted  sections  of  the 
corresponding  plats.  This  furnishes  the  most  convenient  means  of  com- 
parison, as  it  removes  more  effectively  than  any  other  method  the  local 
variations  in  the  nitrate  content  of  the  soil. 


TABLE  37. 


Ratio  op  Nitrates  in  Soil  of  Plats  Prbtiouslt  Plantbd  to  Nitrates  in 
Unplanted  Son* 


Crop 

Surface  eight  inches 

Second  eight  inches 

Flat 

Mayl 

June  5 

June  28 

Mayl 

June  5 

June  28 

3612,3613.3622,3623 
3614,3615,3624,3625 
3616,3617,3626,3627 

Maize 

Potatoes.. 
Oats 

106 
72 
72 

116 
62 

eo 

100 
83 
65 

102 
60 
52 

102 
60 
94 

113 
83 
69 

There  is  a  distinct  and  characteristic  difference  in  the  nitrate  content 
of  the  soil  previously  bearing  these  different  plants.  While  the  experiment 
covers  only  one  season,  the  differences  would  seem  to  be  too  large  and  too 
weU-defined  to  be  accidental. 

On  July  1  the  plats  used  in  this  experiment  were  drilled  to  millet.  The 
entire  plats  were  planted,  including  the  middle  section  of  each  plat  which 
during  the  preceding  year  had  remained  implanted.  The  object  in  planting 
millet  was  to  ascertain  how  the  growth  of  a  crop  on  these  plats  would 
correspond  with  the  nitrate  content. 


Digitized 


by  Google 


Relations  op  Higher  Plants  to  the  Formation  of  Nitrates    719 

On  September  8  careful  notes  were  taken  of  the  growth  on  each  plat,  and 
a  comparison  was  made  not  only  between  different  plats  but  also  between 
the  growth  of  millet  on  the  previously  planted  sections  and  on  the  un- 
planted  section  of  each  plat. 

In  each  plat  the  growth  of  millet  was  markedly  better  on  the  sections 
that  had  been  in  crop  during  the  previous  year  than  on  the  implanted 
section.  This  applied  to  every  crop  in  the  experiment.  A  comparison  of 
the  growth  on  the  planted  sections  of  the  plats  is  given  in  Table  38,  in 
which  the  growth  of  millet  on  the  plats  planted  to  oats  is  taken  as  100  and 
the  growth  on  the  other  plats  is  stated  on  this  basis: 


TABLE  38. 


Growth  of  Millit  on  Plats  Planted  to  Diffbrsnt  Crops  in 
Prsceoinq  Year 


Growth 

Growth 

Average 
growth 
of  millet 

(per- 
centage) 

SoU 
treatment 

put 

of  millet 
(per. 

Plat 

of  millet 
(per- 

oentage) 

centage) 

Maiie 

r  Not  limed... 
\  Limed 

3612 
3613 

37 
47 

3622 
3623 

62 
71 

49 

59 

Potatoes 

f  Not  limed... 

3614 

60 

3624 

81 

70 

\  Limed 

3615 

65 

3625 

88 

76 

Oats 

1  Not  limed... 
\  Limed 

3616 
3617 

100 
100 

3626 
3627 

100 
100 

100 

100 

It  will  be  seen  that  the  luxuriance  of  the  growth  of  millet  on  these  plats 
was  inversely  proportional  to  the  relative  concentration  of  nitrates  in  the 
soil.  For  instance,  the  millet  made  the  best  growth  on  the  plats  planted 
to  oats,  and  these  plats  had  the  lowest  nitrate  content.  The  poorest 
growth  of  millet  was  on  the  maize  plats,  and  these  had  the  highest  concen- 
tration of  nitrates. 

In  Table  39  the  relative  nitrate  content-  in  the  surface  eight  inches  of 
the  several  plats  on  Jime  28,  which  was  only  a  few  days  before  the  millet 
was  planted,  is  compared  with  the  percentage  growth  of  millet  on  the 
same  plats: 
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TABLE  39.    Compabison  of  Nitratbs  in  Soil  Planted  to  Cbstain  Crops  with  Qbowtb 
OF  Millet  on  the  Same  Platb 


Crop  in  1910 

Relative 
nitrate 
content 

ReUti^e 

growth  of 

millet 

Oats. . . , 

55 
70 
100 

100 

Potatoes 

73 

Maix4* 

54 

It  would  seem  from  these  results  that  in  this  soil  the  conditions  favoring 
the  growth  of  millet  were  unfavorable  to  the  formation  of  nitrates.  That 
this  is  not  true  of  all  conditions  is  evident  from  the  fact  that  the  millet  grew 
better  on  the  limed  than  on  the  unlimed  soil,  as  shown  in  Table  38;  while 
the  nitrates  also  are  higher  in  the  limed  plats,  as  may  be  observed  in  Table 
40,  which  follows: 


TABLE  40.    Nitrates  in  Unplanted  Sections  of  Plats  Limbo  and  Not  Limed 


Plat 

Soil  treatment 

Nitrates  (parts  p&  million) 

May  4 

June  5 

June  28 

Average 

3612,3622 

Not  limed 

40 
55 
40 
45 
28 
36 

61 
75 
77 
82 
52 
85 

42 
39 
34 
36 
36 
40 

48 

3613,  3623 

56 

3614,3624. 

Not  limed 

50 

3615,3625 

54 

3616,3626 

Not  limed 

38 

3617,8627 

54 

It  is  evident  that,  although  the  previous  crop  influences  greatly  the 
nitrate  content  of  this  soil,  the  growth  of  millet  is  not  increased  ther^y. 
Nitrates  are  not  the  limiting  factor  in  the  growth  of  miUet  on  this  soil 

Lime  increases  the  growth  of  millet  and  also  the  formation  of  nitrates, 
but  apparently  its  beneficial  action  on  the  growth  of  millet  must  be  due  to 
some  cause  other  than  its  influence  on  nitrate  formation. 
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The  purpose  of  this  experiment  is  to  ascertain  the  influence  of  certain 
kinds  of  plants  on  the  formation  of  nitrates  in  the  soil  after  the  crops  have 
been  removed.  The  relation  of  the  nitrate  formation  to  the  growth  of 
millet  on  this  soil  is  a  separate  problem,  probably  peculiar  to  this  particular 
soil  but  possibly  worth  recording.  The  interesting  condition  exists  that, 
of  the  crops  used  in  the  experiment,  each  had  a  certain  and  distinct  influence 
on  nitrate  formation  following  the  removal  of  the  crops  and  on  the  growth 
of  millet  also  following  their  removal,  but  a  high  nitrate  content  was  not 
necessarily  accompanied  by  a  large  crop  of  millet.  It  is  not  to  be  expected, 
however,  that  this  lack  of  correlation  will  obtain  in  all  soils,  since  under 
some  circumstances  the  presence  of  an  abundance  of  nitrates  will  throw  the 
influence  toward  a  better  growth  of  the  succeeding  crop.  There  is  thus 
presented  a  problem  in  crop  rotation.  If  the  influence  of  a  certain  kind  of 
plant  on  the  formation  of  nitrates  after  its  removal  holds  for  soils  other 
than  the  soil  used  in  this  experiment,  something  has  been  learned.  That 
other  influences  obtain,  and,  under  some  circumstances,  influences  more 
potent  than  nitrate  formation,  is  also  indicated  by  this  experiment. 

Is  there  a  muiiuil  stimidation  of  plant  growth  through  root  influencef 
The  stimulatmg  influence  of  plant  growth  at  certain  stages  on  nitrate 
formation  in  soils  suggested  a  possible  benefit  to  higher  plants  from  other 
and  yoimger  plants  growing  with  them.  It  was  decided  to  start  a  number 
of  plants  of  different  kinds  in  the  greenhouse,  placing  them  far  enough 
aimrt  to  prevent  interference,  at  least  while  they  were  yoimg,  and  after 
they  had  attained  a  reasonable  size  to  sow  between  them  seed  of  a  different 
kind  of  plant  in  order  to  ascertain  whether  the  plants  that  were  first  started 
received  any  benefit  from  the  growth  of  the  plants  seeded  later.  If  the 
later-started  plants  stimulated  nitrate  formation  at  a  time  when  thb 
earlier-started  plants  were  beginning  to  depress  it,  the  latter  might  receive 
some  benefit  from  the  nitrates  formed. 

In  order  to  test  this  question,  an  ordinary  greenhouse  bench  was  divided 
into  compartments  eighteen  inches  square  and  six  inches  deep.  These 
were  filled  with  soil  of  good  quality,  prepared  by  rotting  timothy  sod  which 
had  been  produced  on  Dunkirk  clay-loam  soil.  About  twenty-five  or 
thirty  of  the  earlier-started  plants  were  grown  at  equal  distances  apart  in 
each  square.  These  will  be  designated  as  the  "  primary  "  plants  or  crop. 
Twice  as  many  plants  were  started  later,  being  arranged  one  on  each  side 
55 
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of  the  primary  plantB.  These  will  be  termed  the  "  secondary  "  plants  or 
cn^.  In  some  cases  the  secondary  plants  were  planted  at  the  same  time 
as  the  primary. 

For  ihe  purpose  of  checking  the  experiments  in  which  soil  was  used  for 
growing  plants,  a  series  of  tests  were  made  with  crushed  quarts  containing 
about  thirty  per  cent  of  its  wei^t  of  nutrient  solution.  This  solution  had 
a  denfflty  of  4500  parts  per  million. 

Glazed  earthenware  pots  of  a  capacity  of  one  half  gallon  were  fiUed  with 
the  quartz  and  the  nutrient  solution,  and  four  to  twelve  plants,  depending 
on  the  fflze,  were  grown  as  a  primary  crop  in  each  pot.  The  secondary 
crop  conedsted  of  twice  as  many  plants.  The  moisture  content  was  main- 
tained by  weighing  the  pots  two  or  three  times  a  week  and  adding  distilled 
water  in  sufficient  quantity  to  make  up  the  loss.  Nutrient  solution  was 
added  two  or  three  times  in  the  life  of  the  plants.  It  was  intended  to  have 
an  abundant  supply  of  plant  nutrients,  especially  nitrogen  in  the  form  of 
nitrate.  The  object  in  using  the  nutrient  solution  was  to  furnish  a  medium 
in  which  the  secondary  crop  could  be  of  no  assistance  as  a  means  of  sujiply- 
ing  nitrate  nitrogen. 

In  both  the  soil  and  the  crushed  quartz,  the  squares  and  the  pots  planted 
with  the  primary  and  the  secondary  crops  were  in  each  case  accompanied 
by  similar  receptacles  planted  with  the  primary  crop  alone  and  containing 
exactly  the  same  number  of  plants  as  were  pres^it  as  a  primary  crop  in  the 
vessels  containing  the  primary  and  the  secondary,  or  what  will  be  termed 
the  mixed,  crops.  The  yields  of  the  plants  growing  alone  may  thus  be 
compared  with  the  yields  of  the  primary  plants  in  the  mixed  crops,  as  a 
measure  of  the  effect  of  the  secondary  crop  on  the  primary  crop. 

The  plants  growing  in  the  mixtures  were  alwa3r8  at  a  disadvantage 
because  there  were  always  three  times  as  many  plants  in  the  mixed  crop  as 
in  the  single  one.  In  order  to  offset  this  it  was  intended  to  fiunish  an 
abimdant  supply  of  nutriment,  but  in  the  greenhouse  soil  this  was  probably 
not  fully  accomplished.  In  the  nutrient  solution  some  of  the  mixed  crops 
possibly  lacked  nutriment. 

The  tests  in  the  greenhouse  soil  in  which  the  primary  and  the  secondary 
plants  were  started  at  the  same  time  did  not  give  very  satisfactory  results, 
as  the  secondary  crops  grew  so  large  that  they  perceptibly  dwarfed  the 
primary  crops  except  in  a  few  cases.  This,  however,  was  anticipated^  and 
such  mixtures  were  used  only  as  checks.    In  the  quartz  cultures  the  pri- 
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mary  and  the  secondary  crops  were  all  planted  at  the  same  time,  in  spite 
of  which  the  secondary  cn)ps  did  not  suffer  greatly  from  the  competition. 
In  Table  41  are  given  the  yields  of  the  primary  crops  in  the  mixtures  as 
compared  with  the  yields  of  the  same  crops  in  the  angle  cultures  when  the 
latter  are  taken  as  100.  In  this  comparison  the  same  nimiber  of  plants  is 
taken  in  both  the  single  and  the  mixed  cultures.  In  some  cases  the 
secondary  crop  grew  fairly  well  and  in  other  cases  the  growth  was  slight. 
The  relative  yields  of  the  primary  crop  and  the  secondary  crop  in  the  same 
squares  are  stated  in  the  table.  The  yields  are  based  on  weights  of  the 
water-free  material. 


TABLE  41. 


RsLATiYB  Yields  op  Primary  Crops  Grown  Alonb  and  of  Primabt  Chops 
IN  Mixtures  on  Grssnhousb  Soil 


Priinvy  crop 

SeooncUry  erop 

Yieldof 
primary 

in  mixture 

when 

primary 

erop  alone 

ia  token  as 

100 

Yieldof 
secondary 

pnmary 

crop  in 

mixture  is 

taken  as  100 

Period  of 

growth  of 

primary 

crop 

(days) 

Period 

between 

planUng  ^ 

prmiary  and 

secondary 

crops 

(days) 

Dandelioii 

Timothy 

Mustard 

Mustard 

Mustard 

Mustard 

Maise 

102 

127 
03 

132 
98 

133 

107 
97 
98 
88 
69 
92 

100 
99 

112 

20 

13 

0 

17 
8 
2 
2 
40 
15 
1 

166 

128 

146 

142 

87 

107 

93 

93 

63 

84 

151 

151 

67 

130 

84 

91 

Timothy 

67 

Wheal 

72 

Oa«0 

72 

Oa«0 

46 

Oa«0 

72 

Oats 

Maise 

58 

Wheat 

Maise 

61 

Millet 

Maise 

44 

Millet 

Maise 

65 

Spring  wheat 

Winter  oats 

Winter  oats 

Lettuce 

Redtop 

71 

Spring  oats 

70 

Peas 

37 

Timothv    

29 

Wheat   

Rye 

49 

It  is  seen  from  this  table  that  in  some  instances  the  yield  of  the  primary 
crop  in  the  mixture  was  as  large  as,  or  larger  than,  when  grown  alone.  As 
this  occurs  in  nearly  half  of  the  cases,  it  appears  at  first  glance  that  the 
larger  yields  are  accidental  and  not  due  to  any  influence  exerted  by  the 
secondary  crop.  Taken  by  themselves  these  results  could  not  be  said  to 
indicate  anything,  although  the  fact  that  nearly  half  of  the  tests  gave 
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larger  3aelds  of  the  primary  crops  when  grown  in  mixtures  than,  when 
grown  alone  is  perhaps  deserving  of  attention,  especially  since  in  the  squares 
containing  mixtures  seventy-five  plants  were  grown  in  ^  inches  of  scA 
eighteen  inches  square,  and  consequently  there  must  have  been  more  com- 
petition for  food  in  the  mixtures  than  in  the  pure  cultures. 

The  cultures  in  groimd  quartz  emphasize  this  more  strongly,  as  may  be 
seen  in  Table  42: 


TABLE  42.    Relativb  Yields  of  Primabt  Crops  Grown  Alone  and  of  Primabt  Cbops 

IN   MiZTUREl  IN  NUTRISNT  SOLUTION  IN   CrTJSHED   QuARTI 


Primaiy  crop 


SecoDdary  crop 


Ykdd  of 
pmnary  crop 

grown  in 

mixture  when 

primary  crop 

al(Mie  \a  taken 

aalOO 


Yield  of 

secondary 

crop  whm 

primary  crop 

in  mixture  u 

taken  aa  100 


Period  of 

growth  of 

planta 

(<J«y«) 


Wheat 

Wheat. . . . 
Wheat.... 
Wheat. . . 

Oata 

Oats 

Oats 

Peas 

Peas 

Peas 

Peas 

Timothy.. 
Timothy.. 
Timothy.. 
Thnothy.. 
Thnothy.. 
Timothy.. 
Ilmothy.. 
Timothy.. 
Reddover 
Red  clover. 
Ilmothy.., 
Timothy.. 

Wheat 

Wheat 

Wheat 

Wheat 

Wheat 

Wheat 

Oats 

Oats 


Mustard. . 
Mustard.. 
Mustard. . 
Mustard. . 
Mustard. . 
Mustard. . 
Mustard. . 
Lettuce. . . 
Lettuce. . . 
Lettuce. . . 
Lettuce. . . 
Blue  grass. 
Blue  grass. 
Blue  grass. 
Blue  grass. 
Ked  dover. 
Bed  dov^. 
Bed  dover. 
Bed  dover, 
Timothy.. 
Timothy.. 

Daisy 

Daisy 

Red  dover. 
Red  dover. 
Red  dover. 
Red  dover. 
Timothy.. 
Timothy. . 
Timothy. . 
Timothy. . 


132 

126 

106 

108 

133 

96 

98 

87 

76 

86 

91 

95 

78 

84 

73 

152 

116 

76 

81 

123 

109 

107 

124 

95 

105 

96 

109 

100 

111 

102 

76 


34 

20 

89 

100 

19 

73 

99 

15 

8 

8 

3 

50 

72 

19 

26 

38 

44 

180 

146 

26 

44 

36 

47 

20 

27 

4 

5 

5 

7 

6 

11 


87 

87 

51 

51 

87 

48 

48 

83 

83 

54 

54 

94 

94 

67 

67 

94 

94 

67 

67 

91 

94 

93 

93 

71 

71 

60 

60 

59 

59 

59 
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In  these  tests  the  primary  and  the  secondary  crops  were  planted  at 
the  same  time.  The  growth  was  more  rapid  than  in  the  soil.  Again  in 
about  half  of  the  tests  the  primary  crop  gave  larger  yields  when  grown  in 
the  mixture  than  when  grown  alone.  As  any  benefit  to  the  primary  crop 
by  a  stimulation  of  nitrate  formation  through  the  growth  of  the  secondary 
crop  is  precluded  by  the  fact  that  the  entire  supply  of  nitrogen  was  in 
the  form  of  nitrate,  the  evidence  is  opposed  to  the  supposition  that  any 
increased  growth  of  the  primary  crop  in  the  mixtures  grown  in  soil  was 
due  to  such  a  process. 

An  examination  of  the  data  recorded  reveals  two  conditions  that  influence 
the  growth  of  the  primary  crop  in  mixtures.  These  are  the  length  of  the 
period  of  growth  and  the  relative  growth  of  the  secondary  crop.  The 
benefit  to  the  primary  crop  from  a  longer  period  of  growth  may  be  due 
either  to  a  slower  growth  or  to  harvesting  at  a  later  period  of  development 
of  the  plant.  It  will  be  noticed  that  for  any  given  mixture  a  very  large 
growth  of  the  secondary  crop  is  usually  accompanied  by  a  relatively 
smaller  growth  of  the  primary  crop.  This  holds  true  only  when  the  yield 
of  the  secondary  crop  is  very  large,  and  is  presumably  due  to  the  com- 
petition of  the  plants  for  food  and  water. 

It  was  decided  to  repeat  these  tests  in  the  field,  where  there  would  be 
a  large  body  of  soil  from  which  the  plants  could  obtain  nourishment  and 
where  the  conditions  would  be  more  nearly  normal  than  in  the  green- 
house. The  plants  were  grown  in  squares  six  feet  each  way  and  usually 
twenty-five  primary  plants  were  placed  in  each  square.  Whether  grown 
alone  or  in  a  mixture,  the  number  of  primary  and  secondary  plants  in 
each  square  was  the  same.  The  plants  were  not  watered  artificially, 
and  as  the  summer  was  a  very  dry  one  they  suffered  from  lack  of  moisture. 
Each  combination  of  plants  was  repeated  on  four  squares.  Two  of  these 
were  harvested  at  or  near  the  flowering  stage  and  the  other  two  were 
allowed  to  ripen  fully.  In  Table  43  the  yields  are  given  for  only  the  squares 
that  were  harvested  before  the  plants  were  mature,  as  in  almost  all  cases 
the  mature  plants  yielded  more  in  single  cultures  than  in  combination. 
This  may  have  been  due  to  the  severe  drought  or  it  may  be  the  natural 
result  under  any  conditions.  At  least  it  is  what  would  have  been  expected. 
Th6  relative  yields  are  based  on  the  oven-dry  weights  of  the  plants.  In 
choosing  the  plants  for  this  experiment,  combinations  were  used  which 
previous  experience  or  observation  indicated  would  give  larger  yields 
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of  the  primary  plfmts  when  grown  in  combhiation  than  when  grown  alone. 
The  field  soil  used  was  Dunkiric  clay  loam. 

TABLE  43.    Rblathtb  Yislob  of  Primart  Crops  Grown  Alohb  aitd  of  Primart  Cbops 
Grown  in  Mixtures  on  Fisld  Soil 


Primaiy  crop 


Sccondayy  crop 


Yield  of 

primaiy 

crop  ^own 

in  nuxtme 

what 

primary 

crop  mlone 

is  taken  M 

100 


YiOdct 
■econduy 
crop  when 
pnmaiy 
crop  in 
mixture  ts 
taken  M  100 


Period  of 

growtii  oi 

primary 

crop 

(day.) 


Pteiod 


planting 

primary  and 

aeeoodary 

crops 

(dmya) 


Barley 
Bariey 
Oats.. 
Oats.. 
Oats.. 
Oats.. 
Barley 
Barley 
Peas.. 
Peas.. 
Oats.. 
Oats.. 
Oats.. 
Barley 
Barley 


Buckwbeat 
Buckwheat 
Buckwheat 
Buckwheat 
Mustard. . 
Mustard. . 
Mustard. . 
Mustard. . 
Lettuce. . . 
Lettuce. . . 
Red  clover. 
Red  doyer. 

Blaise 

Maiie 

Maise 


166 

126 

132 

106 

115 

102 

116 

105 

40 

58 

104 

122 

107 

94 

83 


37 

79 

35 

55 

37 

99 

38 

39 

172 

169 

175 

143 

25 

50 

34 


67 
70 
70 
73 
70 
73 
67 
70 
35 
38 
40 
43 
68 
70 
70 


30 

30 

31 

31 

27 

25 

24 

24 

•—35 

—35 

—28 

—28 

38 

37 

37 


*  The  minua  agn  indicates  that  the  secondary  crop  was  planted  before  the  primary  crop. 

In  the  field  soil  a  major  proportion  of  the  tests  resulted  in  a  larger  yield 
of  the  primary  crop  in  the  mixtures  than  when  grown  alone.  As  in  the 
previous  tests,  a  particularly  heavy  yield  of  a  secondary  crop  was  accom- 
panied by  a  relatively  Ughter  yield  of  the  corresponding  primary  crop. 
This  is  very  noticeable  in  the  combinations  of  barley  and  buckwheat, 
oats  and  buckwheat,  and  oats  and  mustard.  It  is  not  possible  to  trace 
any  relation  between  the  influence  of  the  secondary  crop  and  the  length 
of  the  growing  period  or  the  length  of  time  between  planting,  as  the  dupli- 
cates do  not  vary  much  in  these  respects. 

Certain  plants  that  were  used  as  secondary  crops  were  particulariy 
successful  in  promoting  a  good  growth  of  the  primary  crops.  These 
were  mustard,  buckwheat,  maize,  and  red  clover.    In  the  experiments 
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in  nitrate  formation,  maize  and  legmnes  were  fomid  to  have  a  favorable 
influence  on  nitrate  formation.  The  other  two  crops  did  not  enter  into 
these  experiments. 

The  much  more  pronounced  influence  of  the  secondary  crops  on  the 
growth  of  the  primary  crops  in  the  field  soil  than  in  the  nutrient  solution 
in  crushed  quartz  leaves  some  question  as  to  whether  the  influence  of 
the  secondary  crops  on  nitrate  formation  was  a  factor  in  the  growth  of 
the  primary  crops.  The  result  of  the  experiments  with  nutrient  solution 
opens  the  question  as  to  whether  there  is  any  other  way  in  which  such 
an  influence  could  be  exerted,  if  indeed  the  secondary  crop  really  does 
affect  favorably  the  growth  of  the  primary  crop. 

It  is  true  that  there  are  certain  combinations  of  plants  in  which  the 
primary  crop  made  a  better  growth  than  it  did  in  other  combinations; 
but  in  most  such  cases  the  primary  crop  gave  a  larger  yield  in  the  com- 
bination than  it  did  alone,  thus  indicating  a  favorable  influence  on  the 
part  of  the  secondary  crop  and  not  merely  an  innocuous  one. 

From  other  experiments  results  have  been  obtained  that  indicate  a 
stimulating  influence  of  certain  kinds  of  plants  on  the  growth  of  other 
kinds.  Dandeno  (1909)  grew  oats,  barley,  buckwheat,  wheat,  and  flax 
in  soil  contained  in  greenhouse  pots,  both  with  and  without  underground 
shoots  of  Canada  thistle,  and  repeated  the  experiment  with  a  yoimg  elm 
tree.  All  the  crops  except  buckwheat  grew  better  with  the  roots  of  Canada 
thistle  than  alone.  All  grew  less  with  the  elm  tree.  The  stimulating  effect 
of  the  thistle  was  most  pronounced  twenty-two  days  after  planting. 
Dandeno  suggested  as  a  cause  the  excretion  of  substances  that  might 
stimulate  the  growth  of  the  other  plant  or  release  plant  food  not  otherwise 
avdlable,  or,  on  the  other  hand,  might  injure  the  other  plant  or  tie  up 
soluble  nutrient  material. 

It  is  reported  by  the  Norsk  Landmandsblad  (1903)  that  in  Jutland 
spruce  trees  make  a  good  growth  on  waste  areas  where  mountain  pines 
grow,  when  their  roots  are  in  contact,  but  otherwise  not.  If  the  pine  is 
cut  down  while  the  spruce  is  still  young  the  latter  will  die  or  will  make 
a  sickly  growth;  if,  on  the  other  hand,  it  is  not  cut  until  after  several 
years,  the  spruce  not  only  will  survive  but  appears  to  grow  faster  than 
would  have  been  the  case  if  the  pine  had  been  left  standing.  The  Nor- 
wegian experimenters  account  for  this  by  supposing  that  pines  utilize 
atmospheric  nitrogen  and  furnish  spruces  with  a  supply  of  nitrogen. 
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Throui^  what  process  the  stimulation  that  one  plant  often  seons  to 
exert  on  fmother  is  accomplished,  still  remains  to  be  ascertained.  This 
apparently  resembles,  in  some  wajrs,  the  stimulus  that  certain  plants 
exert  on  nitrate  formation.  Thus  the  stimulus  is  exerted  more  stron^y 
during  the  earlier  part  than  during  the  later  part  of  the  life  of  the  plant. 
This  is  indicated  by  the  field  experiments  already  described,  in  which 
nearly  all  the  primary  crops  harvested  at  bloom  gave  a  larger  3deld  in 
combination  than  alone,  while  similar  mixtures  that  were  allowed  to 
mature  gave  opposite  results.  As  a  considerable  part  of  the  nutrients 
absorbed  by  plants  had  been  taken  up  when  the  time  of  blossoming  came, 
the  competition  of  the  secondary  crop  during  the  later  growth  could  not 
have  been  very  severe.  It  was  also  noticed  that  in  quartz  cultures  the 
secondary  crop  remained  almost  stationary  during  the  later  growth  of  the 
primary  crop  and  made  an  excellent  growth  after  the  latter  had  ceased  growth 
entirely.  like  the  effect  of  the  plant  on  nitrate  formation,  there  appears 
to  be  a  depressing  effect  during  the  later  stages  of  growth.  Another 
point  of  resemblance  is  that  the  influence  of  certain  kinds  of  plants  is 
more  marked  than  that  of  other  kinds,  and  in  this  respect  maize  and  red 
clover  were  found  to  be  especially  active  in  stimulating  both  processes. 

The  natural  growth  of  plants  in  associations,  in  which  one  plant  follows 
another  in  succession  through  a  considerable  jmrt  of  the  season,  may  be 
to  some  extent  a  utilization  of  this  apparent  property  of  the  plant  to 
stimulate  the  growth  of  other  plants. 

Summary 

The  nitrate  content  of  soil  under  timothy,  maize,  potatoes,  oats,  millet, 
and  soy  beans  was  different  for  each  crop  when  on  the  same  soil.  There 
was  characteristic  relationship  between  the  crop  and  the  nitrate  content 
of  the  soil  at  different  stages  of  growth.  During  the  most  active  growing 
period  of  the  maize  crop,  nitrates  were  frequently  higher  under  maize 
than  in  cultivated  soil  bearing  no  crop.  Under  a  mixture  of  maize  and 
millet,  nitrates  at  this  period  were  higher  than  under  millet  alone, 
although  the  crop  yields  were  about  the  same  on  both  plats. 

These  phenomena  may  be  accounted  for  on  the  assumption  that  nitrate 
formation  is  stimulated  by  some  processes  connected  with  the  active 
growth  and  absorbing  functions  of  some  higher  plants,  particularly  of 
maize,  although  there  are  indications  that  the  maize  plant  obtains  a 
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large  part  of  its  nitrogen  in  some  f onn  other  than  as  nitrates;  the  com- 
bination of  these  conditions  may  account  for  the  very  high  nitrate 
content  of  the  soil  under  m^ze. 

Under  both  maize  and  oats  the  nitrate  content  was  higher  during  the 
period  when  the  crop  was  making  its  greatest  draft  on  the  soil  nitrogen 
than  in  the  later  stages  of  growth,  in  spite  of  the  fact  that  the  nitrates 
in  the  uncropped  soil  were  increasing  while  those  in  the  cropped  soil  were 
disappearing.  Nitrates  under  these  crops  and  under  millet  failed  to 
increase  late  in  the  season,  when  nitrogen  absorption  had  practically 
ceased,  although  uncropped  soil  showed  a  very  large  increase  in  nitrates 
at  that  time. 

This,  in  conjunction  with  facts  before  mentioned,  indicates  a  further 
influence  of  the  crop  on  the  process  of  nitrate  formation,  and  may  be 
accounted  for  on  the  supposition  that  during  their  later  period  of  growth 
the  plants  exert  in  some  maimer  a  depressing  influence  on  nitrate  formation. 

Aside  from  the  influence  of  cultivation,  the  source  of  the  great  differ- 
ences in  the  nitrates  under  the  crops  mentioned  may  be  sought  in  the 
inherent  differences  between  plants  of  different  species  in  their  stimu- 
lating or  inhibiting  influence  on  the  production  of  nitrates,  as  well  as 
in  their  relative  rates,  amounts,  and  forms  of  nitrogen  absorption. 

Changes  in  the  moisture  content  or  in  the  temperature  of  the  soil  after 
early  summer  had  no  important  effect  on  the  nitrate  content  of  the  soil 
under  plants.  On  the  uncropped  soil  an  increase  in  moisture  content 
was  sometimes  accompanied  by  an  increase  in  nitrates  and  sometimes  by 
a  decrease. 

Determinations  of  the  rate  of  nitrification  of  soil  from  plats  planted 
to  alfalfa  and  timothy,  respectively,  showed  the  alfalfa  soil  to  nitrify 
more  rapidly  than  the  timothy  soil,  both  in  the  soil  on  which  the  crops 
had  been  grown  continuously  and  in  that  from  which  they  had  been 
removed  and  on  which  the  soil  had  been  kept  bare  for  two  seasons.  The 
formation  of  nitrates  was  in  the  same  order  when  the  soils  were  incubated 
with  dried  blood.  It  seems  probable  that  the  character  of  the  organic 
matter  left  in  the  soil  by  the  plants  determines  to  some  extent  the  rate 
of  nitrate  formation  in  this  soil. 

Plats  of  land  planted  to  certain  crops  in  1910  were  kept  bare  of  vegeta- 
tion during  the  early  part  of  the  growing  season  of  1911.  Determinations 
of  nitrates  in  the  soil  of  these  plats  showed  a  distinct  and  characteristic 
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relation  of  the  several  plants  to  the  nitrate  content  of  the  soil  in  the  year 
following  that  in  which  the  plants  were  grown. 

Maize  was  the  only  crop  following  which  the  nitrates  in  the  previously 
planted  soil  were  higher  than  in  the  unplanted  soil.  Potato  soil  was  the 
next  highest  in  nitrates,  and  oat  soil  contained  least  nitrates. 

Millet  planted  on  these  plats  on  July  1  was  markedly  influenced  by 
the  previous  crops,  but  the  luxuriance  of  growth  was  inversely  propor- 
tional to  the  nitrate  content  of  the  plats. 

In  this  case  the  beneficial  influence  of  a  crop  on  a  succeeding  crop  was 
not  to  be  attributed  to  the  favorable  influence  exerted  on  nitrification, 
but  this  would  doubtless  dififer  with,  different  soils;  and  if  this  effect  of 
certain  plants  on  nitrate  formation  in  the  following  year  should  be  of 
general  application,  the  influence  of  a  crop  on  nitrification  may  be  an 
important  factor  in  crop  rotation. 

Freezing  and  thawing  produced  a  condition  of  soil  favorable  to  nitrate 
formation.  The  well-known  action  of  frost  in  producing  a  granular  con- 
dition in  a  clay  soil  may  have  operated  to  some  extent  in  accomplishing 
this.  To  what  extent  the  greater  activity  of  the  nitrate-producing  bacteria 
is  due  to  aeration  and  how  much  it  is  due  to  the  direct  effect  of  cold  in 
readjusting  the  equilibrium  of  the  bacterial  flora,  it  is  impossible  to  say. 
The  obvious  effect  is  to  overcome  the  depressing  influence  of  the  crop 
previously  grown  and  to  permit  the  resumption  of  nitrate  formation. 

Timothy  maintained  a  lower  nitrate  content  in  the  soil  than  did  any 
other  crop.  Mixed  grasses  —  Phleum  pratense,  Agroaiis  aJha^  Poa  jnvr 
iensia  —  gave  much  less  nitrogen  in  the  crop  and  the  drainage  water 
combined  than  was  contained  in  the  drainage  water  from  unplanted  soil. 
These  facts  indicate  a  strongly  repressive  influence  of  these  plants  on 
nitrate  formation,  and  suggest  a  possible  cause  for  the  injurious  effect 
of  grass  sod  in  orchards  on  soil  in  which  the  supply  of  available  nitrogen 
is  deficient. 

Plants  of  two  different  kinds  were  grown,  in  combination  and  sepa- 
rately, in  soil  and  in  ground  quartz  containing  nutrient  solutions.  In  a 
considerable  number  of  cases  in  which  the  plants  were  harvested  at  ihe 
blooming  period  or  before,  one  or  both  kinds  made  a  larger  growth  in 
the  com]pinations  than  in  the  pure  cultures,  although  there  were  at  least 
twice  as  many  plants  growing  in  the  mixed  as  in  the  pure  cultures.  This 
increased  growth  of  one  plant  in  association  with  another  was  apparently 
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not  due  to  any  increased  supply  of  nitrates,  since  the  apparent  stimulation 
of  growth  occiured  with  nutrient  solution  in  which  all  the  nitrogen  was 
in  the  form  of  nitrates,  as  well  as  with  the  soil. 
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BASES  ON  PLANT  GROWT'H  —  I 

THE  ANTITOXIC  ACTION  OF  CERTAIN  NUTRIENT  AND  NON-NUTRIENT 
BASES  WITH  RESPECT  TO  PLANTS  ♦ 

M.  M.  McCooL 

(Received  for  piMication  July  1,  1912) 

r  In  determining  whether  any  substance  or  ion  may  act  injuriously  on 
plant  growth,  it  is  customary  to  compare  the  rate  or  amount  of  growth  in 
the  presence  of  such  a  substance  with  that  in  its  absence.  The  presence 
of  any  chemical  agents  aside  from  the  substance  tested  is  a  complica- 
tion to  be  avoided,  or  at  least  controlled,  if  possible,  since  there  may 
be  either  a  direct  reaction  between  the  different  substances  in  the 
substratum  or  an  indirect  influence  exerted  through  changes  induced  in 
the  plant.  In  testing  any  injurious  action  —  such  as  inhibition  or  retarda- 
tion of  growth  —  of  the  mineral  nutrients  used  singly  in  solution,  it  is 
important  in  the  first  place  to  compare  the  growth-rate  with  that  of  plants 
in  pure  distilled  water.  The  distilled-water  comparison  is  not  ideal,  but 
it  is  necessary.  Further  comparisons  may  be  made  with  plants  grown  in 
full  nutrient  solutions.  In  the  hands  of  various  investigators  this  type 
of  controlled  experiment  has  yielded  results  of  much  value,  and  such 
results  may  be  made  useful  in  studying  the  more  complex  conditions  exist- 
ing in  the  soil. 

REVIEW  OF  GENERAL  LTTERATURB 

While  making  a  study  of  the  proper  composition  of  nutrient  solutions, 
Von  Raumer  (1883)t  reported  the  observation  that  a  solution  containing 
magnesium  without  calcium  is  highly  injurious  to  plants.  Loew  (1892  a) 
reported  the  first  extensive  study  of  the  function  of  these  two  nutrients 
and  of  a  relation  between  them  with  respect  to  plants.  In  this  valuable 
paper,  which  has  been  overlooked  by  some  of  the  later  investigators,  Loew 
emphasizes  two  most  important  points:  (1)  In  a  nutrient  solution  lacking 
calcium  the  organism  Spirogyra  is  rapidly  injured,  the  injury  being  more 
rapid  than  when  any  other  nutrient  is  omitted.     (2)  Although  magnesium 

*  Laboratory  of  Plant  Phjnioloor.  Cornell  UnnrerBty,  ContributioD  Na  0. 
tDataa  in  paraitlwiii  nf er  to  bOMiofraithy . 
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is  an  essential  mineral  nutrient  it  is  extremely  injurious  when  there  is  no 
calcium  in  the  culture  solution,  the  presence  of  calcium  in  suflBcient  amount 
entirely  preventing  the  toxic  action  of  magnesium. 

Loew  regarded  the  toxic  action  as  due  to  the  displacement  of  calcium  by 
magnesium  in  certain  parts  of  the  protoplast,  with  a  consequent  loss  of 
function.  Moreover,  if  sufficient  quantities  of  calcium  salts  are  placed  at 
the  disposition  of  the  plant  thus  affected,  then,  in  accordance  with  the  law 
of  mass  action,  the  magnesium  is  again  replaced  by  calcium  and  the  normal 
equilibrium  is  restored.  There  is  here  a  clear  enunciation  of  the  physio- 
logical balancing  of  magnesium  by  calcium.  Loew  appears  to  have  been 
imaware  of  the  earlier  work  on  antagonistic  action,  in  which  certain 
physiological  processes  of  animals  or  their  effects  on  animal  life  w^e 
under  investigation.  However,  since  Loew  studied  plants,  and  since  he 
developed  one  of  the  most  important  of  the  antagonistic  relations  —  that 
between  calcium  and  magnesium  —  his  work  may  be  made  the  starting 
point  in  this  study. 

Extensive  data  have  been  presented  since  1899  concerning  the  antago- 
nistic action  of  different  bases  with  respect  to  both  animals  and  plants. 
The  work  of  Loew,  Kearney,  Loeb,  Harter,  Osterhout,  and  others  has 
developed  many  facts  respecting  this  phenomenon  in  general.  It  has  been 
satisfactorily  demonstrated  that  a  solution  of  any  one  nutrient  mineral 
base  at  some  concentration  below  the  limits  of  osmotic  influence  is  com- 
monly poisonous.  (Some  plants  are  apparently  uninjured  by  calcium 
chlorid  at  concentrations  approaching  the  point  of  plasmolysis.)  Further- 
more, this  poisonous  action,  or  toxicity,  can  be  more  or  less  completdy 
counteracted,  sometimes  by  one  base  but  especially  by  such  a  combinati(A 
of  salts  as  enters  into  a  balanced  nutrient  solution. 

It  will  be  the  purpose  of  a  later  paper  to  siunmarize  the  data  on  the 
relative  toxicity  of  the  different  bases,  and  to  present  some  additional 
facts.  The  present  discussion  is  confined  to  the  question  of  the  extent  and 
significance  of  antitoxic  action  between  certain  bases.  Further  studies 
on  this  subject  with  some  of  the  more  toxic  metals  will  also  be  reported 
later. 

The  work  of  Loew  (1892  a),  above  referred  to,  established  in  an  incontro- 
vertible manner  the  antagonistic  action  of  calciimi  and  magnesium,  but 
from  this  there  are  afforded  no  special'  indications  that  further  antidotal 
relations  may  exist  between  other  mineral  bases.    Indeed,  Loew  subee- 
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quently  declared  that  between  other  pairs  of  mineral  nutrients  no  relations 
of  the  same  class  occm*. 

In  studying  the  effects  on  plants  of  certain  salts  of  alkalin  soils,  Kearney 
and  Cameron  (1902)  greatly  extended  the  knowledge  of  toxic  and  antago- 
nistic effects.    Some  of  their  conclusions  are  the  following: 

"  Calcium  chloride  in  pure  solution  is  ten  times  less  injurious  than 
sodium  chloride,  and  two  hundred  times  less  injurious  than  magnesium 
sulphate,  if  chemically  equivalent  solutions  are  considered. 

"Addition  of  sodium  ions  to  a  solution  containing  magnesium  ions  in 
most  instance?  markedly  weakens  the  toxic  action  of  the  latter. 

"Addition  of  calcium  ions  to  solutions  containing  either  sodium  or 
magnesium  ions  nearly  always  counteracts  to  an  extraordinary  degree  the 
injurious  effect  of  the  sodium  or  magnesium  ions,  this  beneficial  influenee 
being  usually  much  more  marked  when  calcium  is  furnished  as  the  sulphate 
than  when  the  chloride  is  added. 

"  The  effect  of  one  kind  of  ion  in  counteracting  the  physiological  action 
of  another  kind  can  not  be  entirely  explained  by  a  study  of  the  chemistry 
of  the  solution  itself,  but  must  in  part  be  referred  to  complicated  changes 
in  the  protoplasm  of  the  organisms.  The  theory  that  ions  furnished  by 
the  dissociation  of  electrolytes  form  intimate  combinations  with  the  pro- 
teids  of  protoplasm,  and  that  their  mutually  antagonistic  effect  expresses 
itself  in  a  replacement  of  one  kind  of  ion  by  another  as  a  result  of  change 
in  the  composition  of  the  surrounding  solution,  would  appear  to  afford  the 
key  to  this  problem." 

The  results  from  one  of  the  more  general  studies  undertaken  by  Oster- 
hout  (1906)  may  be  noted  in  this  connection.  These  conclusions  are  impor- 
tant, although  at  the  time  Osterhout  was  apparently  unaware  of  the 
earlier  work  on  plants.  He  placed  several  forms  of  marine  algse  in  pure 
and  mixed  salt  solutions  and  determined  the  duration  of  life  in  days.  The 
following  conclusions  are  drawn: 

"  1.  Each  of  the  salts  of 'the  sea  water  is  poisonous  where  it  alone  is 
present  in  solution. 

"  2.  In  a  mixture  of  these  salts  (in  the  proper  proportions)  the  toxic 
effects  are  mutually  counteracted.  The  mixture  so  formed  is  a  physio- 
logically balanced  solution. 

"  3.  Such  physiologically  balanced  solutions  have  the  same  fundamental 
importance  for  plants  as  for  animals." 
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In  studying  the  toxicity  of  sodium  and  magnesium  salts,  Kearny  and 
Hartcr  (1907)  placed  seedlings  in  salt  solutions  for  twenty-four  hours  and 
then  transferred  them  to  pure  water.  The  inability  of  the  roots  to  elcmgate 
further  was  taken  as  an  indication  that  the  concentration  used  was  fatal  to 
the  root  tips.  Kearney  and  Barter  made  studies  of  the  lethal  concento^ 
tions  of  pure  solutions  and  of  solutions  with  different  amounts  of  calcium 
sulfate  added,  employing  as  indicators  a  number  of  species  of  plants. 
They  found  that  the  addition  of  calciiun  sulfate  greatly  diminishes  ^e 
toxicity  of  the  sodium  and  magnesium  salts  to  all  the  plants  tested. 

Among  the  many,  experiments  bearing  on  this  problem  reported  by  Loeb 
(1905 ia)  the  following  may  be  mentioned:  The  marine  fish  Fundulus  soon 
dies  when  placed  in  a  pure  solution  of  sodium  chlorid.  This  is  true  even 
though  the  solution  may  be  no  stronger  than  that  which  exists  in  sea 
water.  The  toxicity  of  the  sodium  chlorid  is  counteracted  by  the  addition 
of  chlorids  of  calcium  or  potassimn.  The  calcium  and  potassiiun  serve 
primarily  to  counteract  toxicity,  and  in  this  instance  are  unimportant  as 
nutrient  elements;  for  when  the  fish  is  placed  in  distilled  water  it  lives  for 
a  considerable  period  of  time. 

The  brief  indications  given  above  may  serve  to  show  the  direction  and 
importance  of  the  work  thus  far  undertaken.  On  the  whole,  many  facts 
have  been  presented  concerning  the  antagonistic  action  of  different  bases 
with  respect  to  both  animals  and  plants.  Nevertheless,  the  data  for  the 
seed  plants  are  still  insufficient,  the  evidences  of  slightly  unbalanced  con- 
ditions on  the  development  of  the  plants  as  a  whole  having  received  much 
less  attention.  With  respect  to  unbalanced  conditions  in  the  soil  the 
problems  become  most  complex,  and  solution  studies  should  make  posdble 
a  more  nearly  accurate  approach  to  the  agricultural  application. 

The  more  recent  work  of  Osterhout  (1908,  1909)  with  wheat  seed- 
lings placed  in  pure  and  mixed  salt  solutions  is  important,  but  much 
more  data  are  required.  His  conclusions  also  are  based  on  a  comparison 
of  root  growth  alone.  Furthermore,  it  cannot  be  seen  from  his  tables,  in 
many  cases,  to  what  extent  one  base  antidotes  another  base.  For  example, 
the  root  growth  of  wheat  seedlings  placed  in  solutions  containing  100 
cubic  centimeters  of  .12  mol.*  NaCl  +  100  cubic  centimeters  of  .12  moL 
NH4CI  (the  resulting  concentrations  of  each  salt  being  .06)  is  compared 

*  Ab  here  employed,  **  mol.  '*  denotes  a  Erai»>moleculM'  sc^ution,  that  is,  cme  oontaining  the  nunlMr  of 
gnuDB  ooneflponding  to  the  molecular  weiipbt  of  the  oubetanoe  diosolved  to  make  1  Eter  of  aolutioii. 
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with  the  root  growth  of  those  placed  in  pure  solutions  of  .12  mol.  NaCl  and 
.12  m>l.  NH4CI,  respectively.  The  increase  in  growth  of  the  roots  in  the 
mixed  solutions  over  that  in  the  pure  ciiltures  is  attributed  wholly  to  the 
antagonistic  action  of  the  bases  sodium  and  ammonium,  whereas  it  is  cer- 
tainly due  in  part  merely  to  the  reduction  of  the  concentration  of  each  salt 
from  .12  to  .06  mol.;  yet  antagonism  is  obvious. 

In  view  of  all  the  considerations  stated,  a  reinvestigation  of  antitoxic 
action  with  reference  to  certain  seed  plants  has  seemed  especially  necessary; 
likewise,  it  is  important  to  extend  the  work  so  as  to  include  certain  bases 
that  have  been  less  studied. 

SCOPE  or  the  investigation 

The  writer  has  concluded  experiments  with  various  nutrient  and  non- 
nutrient  mineral  bases,  using  Canada  field  peas  and  wheat  as  indicators. 
He  has  made  a  comparative  study  of  the  growth  of  tops  and  roots  in  solu- 
tions of  the  different  salts  containing  single  bases,  in  concentrations  varying 
from  those  that  are  non-toxic  to  those  that  practically  prohibit  growth,  and 
in  solutions  containing  two  bases  at  various  concentrations  uicluding  those 
strengths  that  are  toxic  when  employed  alone.  An  effort  was  also  made 
to  determine  the  minimum  of  one  base  that  would  antidote  a  given  toxic 
amount  of  another  base,  but  much  remains  to  be  done  in  this  direction. 

The  experiments  reported  in  the  present  bulletin  include  studies  of  the 
bases  Ca,  K,  Na,  NHs,  Mg,  Sr,  and  Ba.  In  studying  the  relations  of  calcium 
and  strontium  ions  they  were  combined  as  Ca(NOi)i  +  Sr(N0i)2  and 
CaCU  +  SrClj.  The  experiments  with  calcium  and  magnesium  consisted 
of  CaCli  +  MgCU  and  CaCU  +  MgS04.  In  all  other  cases  the  chlorids 
only  were  used.  Data  which  are  to  be  presented  show  that  calcium  anti- 
dotes each  of  the  bases  mentioned  above,  and  that  definite  mutual  antag- 
onism exists  in  the  following  combinations: 

Mg  and  Sr  Na  and  NHs 

Mg  and  Ba  Na  and  Sr 

Na  and  K  K  and  Sr 
K  and  Ba 

Other  cases  in  which  mutual  antagonism  may  possibly  occur  are  dis- 
cussed later. 
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METHOD 

Analyzed  salts  of  high  quality  were  used  in  aU  experiments.  The 
normal  (equivalent)  solution  was  made  the  basis  of  comparison.  A  normal 
solution  of  a   monovalent  salt   contains  one  gram  molecule  in  a  lit^* 

of  solution;  while  a  normal  solution  of 
a  bivalent  salt  contsdns  one  half  gram 
molecule  in  a  liter.  In  general,  stock 
solutions  of  N/1  were  made  and  the 
desired  concentrations  were  subse- 
quently prepared  by  dilution.  In 
some  of  the  experiments  wheat  seed- 
lings were  used,  in  others  Canada  field 
peas.  The  seeds  were  treated  for 
fifteen  minutes  with  a  solution  of 
formaldehyde  containing  one  part  of 
the  toxic  agent  in  six  hundred  parts 
of  water.  Following  this  treatment 
the  seeds  were  left  in  running  water 
for  twenty-four  hours  and  were  then 
allowed  to  germinate  between  filter 
papers  over  sphagnum  or  peat  moss 
saturated  with  water.  In  this  way 
entirely  satisfactory  seedlings  were 
obtained. 

The  seedlings,  after  having  been 
washed  with  distilled  water,  were 
transferred  to  the  culture  solutions 
when  the  radicles  were  about  two 
inches  in  length.  At  this  stage  of 
development  there  was  no  lateral 
branching  of  the  roots.  Seedlings 
of  as  nearly  uniform  size  as  possible  were  chosen  for  the  cultures. 

All  glassware  used  in  the  experiments  was  carefully  washed  with  the 
chromic-acid  cleaning  mixture  and  then  rinsed  with  tap  water  and  distilled 
water.  Ordinary  glass  tumblers  were  used  as  culture  vessels.  Preliminary- 
experiments  were  made  in  order  to  determine  whether  or  not  there  is 
any  appreciable  difference  in  the  growth  of  plants  in  distilled  water  and 


Fio.  1. —  Showing  method  of  making  cul- 
tures. The  black  paper  shell  has  been 
removed  in  order  to  expose  the  roots 
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in  various  solutions  when  resistant  glass  beakers  are  substituted  for 
ordinary  glass  tumblers  as  containers  of  the  culture  solutions.  The 
results  showed  conclusively  that  the  diflferences  are  not  recognizable. 
The  use  of  the  tumblers  as  receptacles  for  the  solutions  is  thus  justified. 
In  order  to  support  the  seedlings  and  to  prevent  evaporation  the  tumblers 
were  covered  with  paraffined  wrapping  paper,  made  secure  by  means  of 
rubber  bands.  Holes  were  made  in  the  paper  and  the  radicles  were  in- 
serted through  these  into  the  solutions  below.  The  tumblers  were  also 
slipped  into  black  paper  shells. 

If  the  tops  of  the  seedlings  grew  to  a  height  of  three  inches  they  were 
supported  by  means  of  wires  carrying  rings  which  projected  directly 
above  the  tumblers.  These  wires  held  the  tops  of  the  plants  upright 
and  thus  afforded  uniform  conditions  of  light. 

The  duration  of  the  experiments  was  twenty-one  to  thirty  days.  Fre- 
quent observations  were  made  until  the  end  of  the  period,  when  generally 
the  final  notes  were  taken.  The  original  amount  of  the  solution  was 
maintained  by  the  addition  of  distilled  water.  The  writer  has  found  this 
method  satisfactory.  In  all  cases  the  essential  data  are  given  in  the 
tables  or  in  the  text  in  connection  therewith. 

relation  between  calcium  and  magnesium 
Review  of  important  field  work 

The  calcium-magnesium  relation  of  soils  has  been  shown  to  be  a  most 
important  one  in  crop  production.  Previous  to  the  formulation  of  the 
view  that  there  is  a  definite  lime-magnesia  ratio  for  maximum  plant  growth, 
many  contradictory  reports  existed  respecting  the  benefits  or  injuries  from 
the  application  of  lime  and  magnesia  to  soils. 

As  early  as  1814,  Davy  (1814)  discussed  the  injury  that  magnesia  some- 
times produces  on  crops.  He  wrote,  *'  On  mixing  some  calcined  magnesia 
with  soil  in  which  different  seeds  are  sown,  it  is  found  that  they  either  die 
or  vegetate  in  a  very  imperfect  manner."  He  also  states  *'  that  lime  from 
magnesia  limestone  may  be  applied  in  large  quantities  to  plots,  and  where 
lands  have  been  injured  by  the  application  of  too  large  quantities  of  mag- 
nesia lime,  peat  will  be  a  proper  and  efficient  remedy." 

The  deleterious  influence  of  a  high  magnesium  lime  was  reported  by  the 
United  States  Ck)mmissioner  of  Agriculture  in  1876.    Parts  of  a  field  fer- 
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tilized  in  one  case  with  material  obtained  from  a  place  near  Belvid^e, 
New  Jersey,  and  in  another  case  with  material  obtained  from  Oxford, 
New  Jersey y  showed  injurious  effects  in  the  former,  and  beneficial  action  in 
the  latter,  on  the  crop  growth.  The  difference  between  the  two  reactions 
was  so  striking  that  it  was  considered  of  importance  to  investigate  the 
cause.  Samples  of  the  two  limestones  were  sent  to  the  United  States 
Department  of  Agriculture,  where  they  were  analyzed.  The  injurious  lime- 
stones were  found  to  contain  thirty-eight  to  forty-two  per  cent  of  magnesium 
carbonate,  while  the  beneficial  limestones  contained  not  quite  one  per  cent 
of  this  substance. 

Adolf  Mayer  (1886)  mentions  unproductiveness  as  characteristic  of  soils 
rich  in  magnesia.  On  the  other  hand,  Heiden  (1869)  cites  some  instances 
in  which  magnesia,  and  even  magnesiiun  sulfate,  were  beneficial  when  used 
as  fertilizers  on  soil. 

There  are  conflicting  reports  regarding  the  value  of  kainit  and  camallite 
as  fertilizers  under  different  conditions.  Kainit  is  composed  of  K^04, 
MgS04,  MgCls,  and  water  of  crystallization.  Camallite  is  a  double 
chlorid  of  potassium  and  magnesium.  The  effects  were  frequently  found 
to  be  injurious  when  the  salts  were  applied  in  spring,  while  the  application 
in  autumn  proved  beneficial  Thus  Fleischer  (1886)  observed  that  wh^i 
kainit  was  applied  in  autumn  the  yield  of  a  crop  of  potatoes  was  five  per 
cent  greater  than  when  kainit  was  applied  in  spring.  Liebenberg  (1896) 
reported  a  decrease  in  the  3rield  of  meadows  when  kainit  was  applied  in 
autumn.  In  the  latter  case  the  perennial  roots  of  grasses  came  in  direct 
contact  with  the  fresh  fertilizer;  while  in  the  previous  cases  winter  rains 
washed  out  or  modified  the  injurious  magnesium  salt  before  seeds  were 
sown. 

The  detrimental  action  of  these  salts  is  due  mainly  to  their  high  mag- 
nesia content  —  which  will  do  little  harm  on  soils  rich  in  lime  and  poor 
in  magnesia.  The  more  magnesia  there  is  present  in  a  soil,  in  relation 
to  lime — other  conditions  being  constant — the  more  injurious  a  certain 
additional  quantity  of  magnesium  compounds  will  prove. 

It  is  thus  evident,  from  these  general  experiments,  that  there  are  contra- 
dictory reports  on  the  results  from  the  application  of  various  amoimts  of 
lime  and  magnesia  to  the  soil.  IC  it  be  assumed,  however,  as  is  permisfflble 
from  data  subsequently  mentioned,  that  there  is  a  certain  favorable  ratio 
between  lime  and  magnesia,  and  particularly  an  injurious  action  from  an 
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excess  of  magnesium,  then  these  reports  are  not  often  inconsistent,  espe- 
cially when  cognizance  is  taken  of  the  widely  different  ratios  of  lime  and 
magnesia  in  different  soils  and  of  other  complex  relations. 

The  composition  of  soils  can  be  determined  by  means  of  chemical  analy- 
ses, but  such  analyses  do  not  reveal  the  ratio  in  which  the  various  mineral 
nutrients  are  available  to  the  plant.  The  elucidation  of  fundamental 
principles  from  soil  studies  is  very  difficult  because  of  the  many  complex 
and  uncontrollable  factors  existing  therein. 

Loew  (1901),  in  a  review  of  the  ratio  between  lime  and  magnesia  in  soils 
of  different  countries,  states: 

"  It  will  be  seen  from  this  review, 

"  1.  That  the  ratio  of  lime  to  magnesia  ranges  between  wide  limits. 

"  2.  That  in  the  majority  of  cases  lime  predominates  over  magnesia. 

"  3.  That  in  all  the  instances  of  great  fertility  the  soil  never  shows  any 
marked  excess  of  magnesia  over  lime,  but,  on  the  contrary,  generally  more 
lime  than  magnesia." 

He  writes  also:  **  Lime  and  magnesia  can  exert  theu-  indispensable 
nutritive  functions  only  in  a  certain  dependence  upon  each  other.  Hence 
a  certain  ratio  between  these  two  nutrients  will  produce  the  most  favorable 
results,  while  a  great  excess  of  the  one  in  the  finest  portion  of  the  soil  will 
lead  to  starvation  and  of  the  other  to  poisonous  phenomena."  It  is  there- 
fore clear  that  the  determination  and  balancing  of  the  available  amounts 
of  magnesia  and  lime  in  the  soil  is  necessary  for  successful  farming  on 
apparently  infertile  soils. 

It  was  in  attempting  to  explain  the  relation  of  calcium  to  magnesiimi 
that  Loew  (1892  a)  postulated  the  existence,  in  plants  requiring  calcium, 
of  a  calcium-protein  compound  in  which  the  base  is  not  replaceable  by 
magnesium  without  serious  injury  to  the  protoplasm. 

According  to  Sirker  (1908),  "  a  topdressing  with  a  small  quantity 
of  magnesium  sulphate  at  the  rate  of  10  kilo  per  hectar  had  the  favourable 
effect  of  increasing  the  harvest  by  31  per  cent  on  a  pk>t  too  rich  in  lime 
relatively  to  magnesia." 

Review  of  8ome  cuUvre  experiments 
Investigations  with  oats,   wheat,    cowpeas,    and  tobacco,  in  water, 
sand,    and  soil  cultures,  were  made   by  May   (1901).    The  following 
general  conclusions  were  reached: 


Digitized 


by  Google 


750  M.  M.  McCooL 

'*  Magnesia  in  a  soil  in  great  excess  over  lime  in  a  finely  divided  or 
soluble  condition  is  noxious  to  the  growth  of  plants.  With  a  great  excess 
of  lime  over  magnesia  the  physiological  action  of  the  plant  is  hindered  and 
it  exhibits  phenomena  of  starvation.  An  excess  of  lime  counteracts  the 
poisonous  effects  of  magnesia,  while  the  more  favorable  proportion  of  the 
two  bases  obviates  the  poor  nutrition  of  the  plant. 

"  The  best  proportion  of  soluble  lime  to  soluble  magnesia  for  the  germi- 
nation and  growth  of  plants  is  about  molecular  weight  5  to  4,  or  actual 
weight  7  to  4. 

"  In  liming  soils  the  amount  of  lime  and  magnesia  should  be  first  deter- 
mined in  both  the  soil  and  the  material  applied.  In  this  way  only  can  the 
process  be  intelligently  carried  out  and  the  best  ratio  between  the  two 
bases  for  the  promotion  of  the  growth  of  crops  be  maintained." 

Meyer  (1901)  grew  oats,  potatoes,  horse  beans,  vetch,  and  a  mixture  of 
equal  amoimts  of  rye  grasses  and  alfalfa  in  pots  of  a  capacity  of  six  kilos, 
which  contained,  on  the  one  hand,  sand  and  peat  (2^  per  cent)  and,  on  the 
other  hand,  sand  and  loess  loam  (10  per  cent). 

In  the  case  of  the  oats-and-grass  mixture,  an  application  of  gypeum  at 
the  equivalent  rate  of  more  than  one  gram  CaO  per  pot  caused  a  decided 
reduction  of  yield.  The  injurious  effect  of  the  gypsimi  was  overcome  by 
applications  of  calcium  carbonate  or  magnesium  carbonate. 

Large  applications  of  magnesium  carbonate  depressed  the  yield  of  the 
grass  mixture.  It  was  observed  also  that  even  when  an  excess  of  lime  had 
been  applied  magnesia  caused  an  increased  yield. 

With  pot  experiments  Aso  (1903)  found  that  the  ratio  of  linie  to  mag- 
nesia for  the  mulberry  tree  is  about  two  or  three  parts  of  lime  to  one  part 
of  magnesia.  An  excess  of  magnesia  over  lime  retards  growth.  In  some 
experiments  with  rice  Aso  (1904)  used  in  pot  cultures  soil  that  was  taken 
directly  from  a  paddy  field.  To  these  cultures  were  added  varying  mnounts 
of  calciiun  carbonate  and  magnesite.  From  the  results  obtained  with  this 
crop  Aso  concludes  that  the  ratio  of  lime  to  magnesia  for  maximum  growth 
is  about  the  same  as  that  most  favorable  for  other  GraminecB,  which  is 
between  1:1  and  2:1. 

Kanomata  (1908)  found  that  "  wh«i  the  amount  of  lime  is  increased  in 
undue  proportion  to  the  amount  of  magnesia  present,  the  yield  of  oats  is 
considerably  depressed.  In  sand  culture,  there  was  a  decrease  by  39  per 
cent  of  the  weight  of  shoots  before  flowering  time,  when  the  amount  of 


Digitized 


by  Google 


Antitoxic  Action  of  Certain  Bases  751 

CaO 
limestone  and  magnesite  differed  so  much  that  the  ratio— —1  was  changed 

MgO 

from  1/1  to  100/1."    This  last  p)oint,  however,  does  not  appear  to  the 

writer  to  be  estabhshed  through  sufficient  experiments. 

Daikuhara  (1905a)  observed  that  "the  yield  of  naked  barley  was  not 
essentially  altered  when  the  amounts  of  these  bases  [calcium  and  mag- 
nesium] were  rendered  equal  by  adding  CaCOs  or  MgCOs,"  when  the 
difference  did  not  exceed  .5  per  cent.  On  well-manured  soils  in  which  the 
ratio  was  .34: 1  the  harvest  was  doubled  by  producing  a  ratio  of  1 : 1. 

The  data  obtained  by  the  same  author  (1905  b)  from  sand  cultures  show 
that  "  in  the  presence  of  lime  as  carbonate  the  necessary  amount  of  mag- 
nesia when  applied  as  crystallized  sulphate  for  paddy  rice  in  sand  culture 
is  so  small  that  the  best  ratio  CaO: MgO  becomes  30: 1,  while  in  the  form 
of  natural  carbonates  the  best  ratio  would  be  1:1." 

The  results  given  by  Nakamura  (1905)  with  barley  grown  in  p)ots  of  soil 
"  show  decidedly  that  the  addition  of  a  certain  quantity  of  magnesia  acts 
very  beneficially  upon  the  growth  of  the  plant  when  the  soil  contains  a  large 
excess  of  lime  over  magnesia  and  furnish  at  the  same  time  a  further  proof 
of  the  inference  that  'a  maximum  yield  depends  —  other  things  being 
equal  —  also  upon  a  certain  ratio  of  lime  to  magnesia  which  enters  into 
the  plant.'  " 

Wheeler  and  Hartwell  (1903)  found  that  in  pot  cultures  CaCU  and  NH4CI 
exert  "  a  marked  p>oisonous  action  upon  certain  plants,  when  applied  to  a 
soil  which  was  already  somewhat  acid.  Magnesium  chlorid  was  not  found 
to  be  poisonous  imder  conditions  where  great  injury  from  calcium  chlorid 
and  ammonium  chlorid  resulted. 

'*  Calcium  carbonate  and  caustic  magnesia  used  singly,  also  a  mixture 
of  basic  slag  meal  with  the  carbonates  of  potash  and  magnesia,  were  found 
to  prevent  or  overcome  the  ill  effect  produced  by  applications  of  either 
calcium  chlorid  or  ammonium  chlorid." 

Bemardini  and  Siniscalchi  (1908)  grew  lupine  in  pot  cultures  and  con- 
cluded that  "  the  injurious  action  of  an  excess  of  lime  and  the  poisonous 
action  of  an  excess  of  magnesia  in  the  soil  is  not  due  to  the  absolute  quan- 
tity of  calcium  and  magnesium  ions  absorbed  by  the  plant,  but  to  the 
ratio  in  which  they  are  absorbed." 

Konovalov's  results  (1907)  with  wheat,  lupine,  and  oats  grown  in  water 
and  sand  cultures  do  not  confirm  Loew's  view  that  "  there  is  a  definite 
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lime-magnesia  ratio  for  each  plant."  The  growth  of  the  plants  is  injuri- 
ously affected  when  magnesia  is  present  and  lime  is  absent  in  nutrient 
solution.  According  to  Konovalov  the  yield  is  increased  with  the  increase 
of  the  proportion  of  lime  to  magnesia. 

Culture  experiments  with  rye,  com,  and  kidney  beans  are  reported  by 
Bemardini  and  Corso  (1908).  The  nutrient  solution  contained  the  ratios 
of  lime  to  magnesia  (magnesia  as  1)  3,  2,  1,  |,  and  |.  Rye  gave  the  best 
result  in  the  solution  in  which  the  relation  of  lime  to  magnesia  equalled  1, 
and  better  results  with  the  higher  proportions  than  with  the  lower;  com 
gave  the  best  result  with  the  proportion  of  lime  to  magnesia  equal  to  2, 
and  better  with  the  higher  than  the  lower,  showing  that  an  excess  of  lime 
does  less  harm  than  an  excess  of  magnesia.  In  the  pot  experiments  a  soil 
of  known  composition  was  used  and  the  proportions  between  lime  and 
magnesia  were  made  the  same  as  in  the  nutritive  solution  experiments,  and 
the  same  results  were  obtained  with  rye  and  com;  with  kidney  beans  the 
proportion  of  lime  to  magnesia  equal  to  3  gave  the  best  result. 

CaO 
Konovalov  (1909)  studied  the  ratio  of  zt~^  for  barley,  millet,  oats,  and 

maize.    He  states:  ^ 

"  In  sand  cultures  with  oats  and  millet  the  ratios  of  lime  and  magnesia 

.   ,       ,  „  13.4  6.7   3.3   1.6  0.8   0.4  0 

vaned  as  follows:  »  — >  — »  — ,  — ,  — ,  — 

1        111111 

"  The  data  clearly  show  that  the  more  lime  there  is  in  the  nutritive 
solution  the  quantity  of  magnesia  remaining  the  same,  \mtil  the  ratio  of 
lime  to  magnesia  becomes  6.7: 1  the  greater  the  yield  of  both  millet  and 
oats.  When  this  ratio  is  exceeded  the  yield  of  millet  decreases  somewhat 
and  that  of  oats  very  considerably,  there  being  a  falling  off  in  yield  of  both 
grain  and  straw  and  the  mean  weight  of  the  grain." 

In  water  cultures  with  maize  and  barley,  "  the  maximum  yield  of  organic 
matter  was  obtained  in  case  of  barley  when  the  ratio  of  lime  to  magnesia 
was  3.3: 1  and  in  case  of  maize  when  the  i:atio  was  .8:1.  The  same  ratio 
gave  the  maximum  yield  of  above  groimd  material." 

Novel  experiments  with  wheat  and  oats  were  conducted  by  Hansteoi 
(1909).  He  inserted  one  of  the  primary  roots  of  the  same  seedling  into 
each  of  two  glass  tubes  placed  side  by  side.  The  tubes  contained  separate 
solutions;  for  example,  in  tube  1  was  placed  N/50  Ca(N08)2,  while  tube  2 
contained  N/50  Ca(NOj)»  +  N/50  MgSOi.    In  this  manner  Hansteen 
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was  able  to  determine  the  influence  of  various  solutions  on  different  roots 
of  the  same  plant.  The  results  substantiate  the  view  that  Ca(NOj)i 
mollifies  the  deleterious  properties  of  Mg(N08)2  and  MgS04.  Further- 
more, in  solutions  that  contain  no  calcium,  only  slight  elongation  of  the 
roots  of  wheat  and  oats  takes  place. 
From  experiments  with  flax  grown  in  pots  of  soil  in  which  the  ratios 

CaO 

rr—  were  1 : 1  and  2:1,  respectively,  Namikawa  (1906)  concluded  that  the 

^^  CaO 

most  advantageous  ratio  of  zrr^  for  flax  is  1 : 1.    The  yield  is  21  per  cent 

MgO 

lower  in  soil  cultures  that  have  the  proportions  of  lime  to  magnesia  2:1 

and  3:1.    Similar  results  were  obtained  with  spinach  grown  in  sand 

cultures. 

Maki  and  Tanaka  (1906)  grew  barley  to  maturity  in  loamy  and  sandy 

soil  cultures.    SuflScient  slaked  lime  was  added  to  make  the  ratio  vr^ 

MgO 

about  3:1.    This  relation  caused  a  decrease  in  the  yield,  or  the  soil  was 

overlimed.    When  a  sufficient  quantity  of  magnesium  sulfate  was  applied 

to  make  the  ratio  1 : 1  in  the  overlimed  soil,  the  harvest  was  almost  as  great 

as  in  the  untreated  soil.    In  case  of  the  sandy  soil  the  crop  was  greater 

than  the  control  cultures. 

Yokoyama  (1908)  observed  that  when  oats  are  grown  in  pots  containing 
sandy  soil  poor  in  lime  and  magnesia  the  addition  of  lime  is  injurious,  due 
to  the  unbalanced  ratio  of  lime  to  magnesia.  Furthermore,  such  soils 
should  be  treated  with  dolomitic  limestone  in  order  to  correct  such  imbal- 
anced  conditions. 

In  sand  cultures  Aso  (1909)  ascertained  that  the  lime  factor  for  oats  is  1, 
for  adzuki  beans  (Phaseolus  mungo)  about  2,  for  rice  1,  and  for  Italian 
millet  between  .5  and  1.    His  conclusions  are: 

"  1.  Certain  favorable  ratio  of  lime  to  magnesia  for  plant-growth  exists 
even  in  sandculture. 

"  2.  Absolute  excess  of  lime  or  magnesia  provided  it  be  kept  within 
certain  limits,  has  no  retarding  effect  on  the  development  of  the  plants, 
the  ratio  between  these  bases  being  the  chief  factor  for  plant  growth." 

Gile  (1913),  as  a  result  of  his  work,  states:  '*  The  toxicity  of  an  excess 
of  lime  or  magnesia  is  not  due  simply  to  an  unfavorable  ratio  between 
these  two  salts  alone,  but  to  an  imfavorable  proportion  between  the  salt 
which  is  in  excess  and  all  the  other  salts  present." 
57 
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Experimentdl  XDcrk 

In  the  experiments  from  which  the  data  presented  in  this  section  were 
taken,  the  sulfates  and  chlorid  of  magnesium  were  used  but  only  the  chlorid 
of  calcium;  that  is,  in  one  series  CaCls  and  MgCU  were  employed,  in  another 
CaCU  and  MgS04.  The  different  salts  of  magnesium  were  used  in  ord«r  to 
determine  whether  or  not  the  acid  radical  is  of  importance  in  these  studies. 

A  study  of  Table  1  shows  that  the  chlorids  and  sulfates  of  magnesium 
are  extremely  toxic  to  pea  seedlings.  On  the  other  hand,  calcium  chlorid, 
even  at  relatively  high  concentrations,  is  not  poisonous.  The  develop- 
ment of  the  plants  in  the  combined  solutions  is  much  greater  than  in  pure 
solutions  of  magnesium  chlorid  or  sulfate.  The  growth  of  the  plants  in 
the  combined  cultures  does  not,  however,  differ  greatly  from  that  of  the 
plants  in  the  solution  of  the  calcium  salt  alone;  for  example,  in  N/20  CaCla 
the  total  weight  of  the  plants  is  7.40  grams,  in  N/500  MgClj  the  weight  is 
practically  nil,  and  in  N/20  CaCli+N/500  MgCli  the  total  weight  is 
9.95  grams. 

TABLE  1.    ExPERiicBNT  WITH  Canada  Field  Pea.    Duration,  Twbntt-foub  Dats. 

Data  for  Ten  Plants 


Compodtion  of  solution 


Green 
weight 
of  tops 
(grains) 


Green 
weight 
of  roots 
(grains) 


Total 

green 

weight 

(grams) 


Average 
length 
of  tc^ 
(centi- 
meters) 


Average 

length 

of  roots* 

(ooiti' 
meters) 


N/20  CaCl,+N/20  MgCU 

N/20  CaCh+N/lOO  MgCl,. . . . 
N/20  CaCl,+N/500  MgCl,. . . . 
N/lOO  CaCl.+N/20  MgCU. . . . 
N/1,000  CaCl,+N/20  MgCl,. . 
N/1,000  CaCl,+N/100  MgCU. 
N/1.000  CaCl,-hN/200  MgCU.. 

N/20CaCL 

N/100  CaCl, 

N/300  MgCl, 

N/500  MgCl, 

Distilled  water 

N/20  CaCl,+N/20  MgSO* 

N/20  CaCl,-fN/100  MgSO«.. . . 
N/20  CaCh-f  N/500  MgSO«.. . . 

N/20CaCl, 

N/500  MgSOi 

Distilled  water 


6.70 
6.65 
6.10 
5.85 
1.70 
8.60 
6.60 
6.00 
5.70 

-\ 

1.85 
6.24 
7.14 
7.00 
6.85 


4.00 
4.25 
3.85 
3.00 
1.40 
4.20 
3.00 
2.40 
2.75 


1.72 


1.75 
4.30 
6.12 
4.12 
2.60 

1 

1.84 


9.70 
10.90 
9.95 
8.85 
3.10 
12.80 
9.60 
7.40 
8.46 


-t 


3.60 
10.64 
12.26 
11.12 

8.46 

3.66 


12.0 
14.6 
13.0 
12.0 

4.6 
17.0 
14.0 

8.5 
11.5 

2.0 

6.0 

11.6 

16.0 

13.0 

9.0 

3.0 

6.6 


12.6 
16.0 
14.0 
11.0 

6.0 
10.0 
10.0 
12.0 

8.5 


6.6 
12.0 
14.0 
13.5 
12.5 

7.0 


*The  arenge  length  of  roots  was  determined  by  meamiring  the  main 
not  measured,  as  the  weight  is  indicative  of  their  development.     These 
quent  tables. 

fWeak  growth*  plants  almost  dead,  not  weighed. 


The  lateral  roots 
•liply  to  all 
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The  action  of  the  calcium  is  a  very  clear  case  of  antagonism.  It  entirely 
overcomes  the  toxicity  of  both  chlorid  and  sulfate  of  magnesium.  It 
appears  that  the  magnesium  antidotes  the  calcium  to  a  slight  extent. 
This  apparent  antagonism,  however,  may  be  merely  a  benefit  arising  from 
the  addition  of  another  essential  element,  or  at  least  it  may  not  be  due 
wholly  to  the  antitoxic  action  of  the  magnesium.  It  is  difficult  to  interpret 
mutual  antagonism  from  data  that  show  great  decrease  of  toxicity  in  one 
direction  and  only  slight  decrease  in  the  other. 

Five  days  after  the  seedlings  had  been  placed  in  the  solutions  the 
toxicity  of  magnesium  was  apparent.    The  roots  in  the  culture  contain- 


FiG.  2. —  AnHdotal  relaUoru  between  calcium  and  magnesium;  distilled  water  at  the  solvenl 


1.  N/20  CaCli 

2.  N/20  CaCh+N/lOO  MgCb 


5.  N/100  MgCli 


3.  N/100  CaClf +N/100  Mi 

4.  N/1000  CaCI,+N/100" 


>fsC1s 
MgCb 


ing  N/500  MgCli  were  dead,  no  growth  having  taken  place.  Ten  days 
later  the  antagonism  of  calcium  was  clearly  shown  by  the  increased 
growth  of  the  seedlings  in  the  combined  solutions  over  those  in  the 
solutions  of  magnesium  alone. 

Loew  (1899)  has  drawn  attention  to  the  relative  abundance,  usually,  of 
magnesium  in  the  seeds  of  plants  as  contrasted  with  the  magnesium  content 
in  other  plant  structures.  This  excess  in  the  seed  may  enable  the  seedling, 
for  a  time  at  least,  to  exhibit  a  maximum  growth  in  a  solution  containing 
no  magnesium.  As  a  result  of  numerous  nutrition  experiments  in  this 
laboratory  with  the  pea,  it  has  been  clearly  demonstrated  that  the  demand 
of  this  plant  for  magnesium  ^  or  the  necessity  of  maintaining  a  certain  pro- 
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portion  of  magnesium  in  cultures  with  calcium  salts  or  with  full  nutrient 
solutions  (lacking  magnesium),  is  unimportant  during  the  first  two  weeks 
of  growth.  These  results  are  in  agreement  with  those  obtained  by  Konig 
and  Haselhoff  (1894).  These  investigators  found  that  Legumino8(B  endure 
the  lack  of  potassium  better  than  the  lack  of  calcium. 

Numerous  data  have  been  brought  forward  which  seem  to  show  that  a 
more  or  less  definite  ratio  of  calcium  to  magnesium  is  beneficial  for  plants. 
Many  of  the  reports  in  which  these  data  are  embodied  have  been  sum- 
marized. A  fiuther  study  of  the  antidotal  relations  that  exist  between 
these  bases  in  full  nutrient  solutions  is  interesting  and  important.  Canada 
field  pea  seedlings  were  grown  in  nutrient  solution  cultures  containing 
calcium  and  magnesium  in  various  proportions.  The  nutrient  solution 
that  was  used  as  th^  solvent  for  these  bases  in  series  1  was  made  up  as 
follows: 

Ca(N08)2 4.00  grams 

KH2PO4 1.00  gram 

KNO,. 1.00  gram 

MgS04 1.00  gram 

KCl 0.60  gram 

FeCla 0.01  gram 

Distilled  water 3.00  liters 

No  considerable  antagonistic  action  is  evident  from  cultures  made  up 
as  w6re  those  in  this  series,  inasmuch  as  the  quantities  of  calcium  and 
magnesium  employed  are  not  to  be  considered  toxic  imder  the  conditions. 
However,  a  slight  increase*  of  growth  ensues  when  either  calcium  or  mag- 
nesium is  added  to  the  nutrient  solution,  but  in  general  this  is  not  so  exten- 
sive as  in  the  cultures  to  which  both  are  added.  The  data  obtained  from 
this  set  of  experiments  appear  in  Table  2. 

In  this  table  toxicity  is  not  evident,  although  the  addition  of  calciimi 
chlorid  alone  or  calcium  and  magnesium  together  causes  increased  growth 
over  the  control  (full  nutrient  alone).  It  may  be  that  the  full  nutrient 
solution  (Pfeffer's)  is  not  a  properly  balanced  solution  for  Canada 
field  pea. 

The  nutrient  solution  employed  in  the  second  series  of  experiments 
(Table  3)  was  one  tenth  as  strong  as  that  in  the  preceding  cultures. 
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TABLE  2.    Sbribs  1.    Expebiment  with  Canada  Field  Pea.    Duration,  Thirtt  Days. 

Data  for  Ten  Plants 

Composition  of 

mAuMon 

(nutrient  solution 

Green 

^. 

tops 
(grams) 

Green 

roots 
(grams) 

Total 
weight 

Average 
len^ 

tops 

Average 
roots 

Color  of  tops 

RiBiwito 

■0  the  solvent) 

(grams) 

(cenU- 
meters) 

(centi- 
meters) 

N/25  CaCU  + 

Lateral     roots    good 

N/60  MgClt.... 
N/25  CaCl,+ 
N/100  MgCli... 

12.85 

9.00 

21.85 

20 

14 

Light  at  tips 

length 

Lateral     roots     good 

14.15 

8.25 

22.40 

20 

12 

Light  at  tips 

length 

N/25  CaCU  + 

Lateral     roots     good 

N/200MgClt... 

14.30 

8.85 

23.15 

19 

12 

Good 

length 

N/100  CaClt  + 

Lateral  roots  medium 

N/lOOMgCli... 
N/500  CaCU  + 
N/lOOMgai... 

10.25 

6.50 

16.75 

14 

12 

Good 

length 

8.45 

4.60 

13.05 

12 

10 

Good 

Lateral  roots  fair 

N/l,00O     CaCl,+ 

N/lOOMgClt... 

10.70 

5.60 

16.30 

15 

14 

Good 

Lateral  roots  short 

N/50MgCl, 

10.55 

5.90 

16.45 

15 

12 

Good 

Lateral  roots  short 

N/100  MgClt.... 

9.65 

5.50 

15.15 

14 

11 

Good 

Lateral  roots  medium 

N/200  MgCk.... 

10.40 

6.70 

16.10 

11 

9 

Good 

Lateral  roots  medium 

N/26CaCb 

11.85 

6.65 

18.60 

20 

14 

Pale  green 

Lateral  roots  medium 

N/100  CaCh 

13.50 

7.90 

21.40 

17 

9 

Light  green 

Lateral  roots  good 

Nutrient  solution. 

10.40 

5.20 

15.60 

13 

10 

Good 

Lateral  roots  fair 

Toxic  strengths  of  magnesium  were  used  in  these  experiments.  It 
is  to  be  noted  that  in  this  nutrient  solution  N/10  MgCIa  prevents 
growth  of  roots,  and  solutions  of  N/50  are  injurious.  The  leaves  of 
the  plants  grown  in  solutions  of  N/10  CaCU  are  pale  green  in  color, 
and  those  in  N/100  CaCU  are  somewhat  lighter  than  in  the  control 
cultures. 

The  toxicity  of  N/10  MgCU  (Table  3)  is  greatly  reduced,  although 
not  entirely  prevented,  by  the  same  concentration  of  calcium  chlorid. 
It  is  also  to  be  noted  that  the  harmful  action  of  either  N/20  or  N/50 
MgCU  is  completely  counteracted  by  solutions  of  N/10  CaCU.  No  injury 
results  from  the  magnesium  in  cultures  composed  of  this  nutrient  solu- 
tion +  N/100  CaCU  +  N/50  MgCU. 

In  this  series  of  experiments  the  addition  of  magnesium  to  the  solutions 
of  calcium  has  not  resulted  in  an  appreciable  increase  in  the  growth  of  the 
plants.  It  is  to  be  observed,  however,  that  the  chlorotic  condition  induced 
by  the  calcium  is  prevented  by  the  magnesium.  A  summary  of  the  data 
obtained  appears  in  Table  3. 
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WRH  CAMikllA  FbLD  Pba.     DUBAnOV, 

Data  fob  Tm  Plaittb 


Datb. 


GoOipCMltlOD  01 

•ohitioo 
(1/10  imtrient 
•otntioD  M  tbe 

•ohreot) 


Green 


of  tops 

(graoif) 


Orecn 
wciglit 
of  roots 
(gnuns) 


Totel 


wdgfat 

(gnuns) 


Color 
oftopa 


Renmb 


N/10C«CW-N/10 
MgCI, 

N/lOCaCM-N/20 
MgCl, 

N/lOCaCia-N/60 
MgCI, 

N/lOCaCW- 
N/100  MgCk.. 

N/100  CaCW- 
N/60  MgCk... 

N/10CiU:i. 

N/100  CaCl. 

N/10  MgCI. 

N/60  MgCI. 

N/100  MgCI, 

1/10  nutrient  solu- 
tion  


5.12 

6.15 

5.77 

4.55 

6.57 

5.00 

6.80 

Weight 
not  taken 
4.86 

6.00 
5.85 


2.65 

3.75 

4.37 

3.47 

4.27 
4.10 
4.25 
No  growth 
1.75 
3.75 

3.55 


7.77 

9.90 

10.14 

8.02 

10.84 

9.10 

11.05 

6.61 
9.76 

9.40 


Dark  green 
Dark  green 
li^t  green 
Ltftt 


Green 
Pafe  green 
light  green 


Dark 
Dark  green 

Green 


Lateral  looti  Tery 
abort 

Lateral  loote  Tery 
abort 

Lateral  roots  rerj 
abort 

Lateral  roots  good 
development 

Lateral  roots  good 
development 

Lateral  rooto  good 
development 

Lateral  roots  good 
devdopment 

Praetieafly  dead 

Lateral  roots  diort, 

dead 
Lateral  roots  poor 

growth 

Lateral  roots  good 


RELATIONS  BETWEEN  OTHER  BASES 

Potassium  and  magnesium,  sodium  and  magnesium 
Whea  wheat  seedlings  are  placed  in  solutions  of  potassium  and  mag- 
nesium or  sodium  and  magnesium  chlorids  (distilled  water  being  the 
solvent),  mutual  antagonism  is  evident.  In  Table  4  it  may  be  noted 
that  N/1000  KCl  can  antidote  the  toxicity  of  N/500  MgCU  as  completely 
as  can  N/60  KCl;  while  N/500  MgCU  seems  to  be  the  best  concen- 
tration for  antidoting  N/50  KCl.  The  toxic  action  is  manifest,  particu- 
larly in  the  development  of  roots; 
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TABLE  4.    ExPUUMBNT  with  Whbat.    Duration,  Thibtt  Datb.    Data  for  Eioht 

Plants 


Compoition  of  solution 


Total 

greeo  weight 

(grams) 


Average  length 

of  tops 
(oentimeters) 


Average  length 

of  roots 
(centimeters) 


N/50Ka 

N/50  KQ+N/lOO  MgCl. . . 
N/50  KCl+N/600  MgCI. . . 
N/50  KCH-N/1,000  MgCI, 
N/1.000  KCH-N/600  MgCI, 

N/500  MgCI. 

Distilled  water 


0.65 
0.52 
1.00 
0.70 
1.00 
Dead 
0.56 


6.6 
4.0 
7.0 
6.0 
7.5 
4.0 
4.0 


1.0 
6.0 
6.0 
4.0 
5.0 
Slight 
4.0 


In  Table  5  a  striking  case  of  mutual  antagonism  is  shown  between 
NaCl  and  MgCU.  It  is  remarkable  that  two  salts  when  combined  will 
permit  considerable  growth,  when  if  either  one  is  present  alone  it  will 
cause  death  of  the  plant. 


TABLE  5.    Exprrimrnts  with  Whrat.    Duration,  Trirtt  Datb. 

Plants 


Data  vor  Eight 


Composition  of  solution 


Total 

green  weight 

(grams) 


Average  length 

of  tops 
(oentimeters) 


Average  length 

of  roots 
(centimeters) 


N/50Naa 

N/5Q  NaQ+N/lOO  MgCI. 

N/5a  NaCH-N/500  MgCI. 

N/50  Naa-fN/1,000  MgCI,. . . . 
N/500  NaCl-fN/SOO  MgCI. . . . . 
N/500  MgCI, 

N/50  NaCl+N/100  MgCI, 

N/50  NaCl-hN/500  MgCI, 

N/50  NaCl+N/1,000  MgCI,. . . . 

N/100  NaCl+N/500  MgCI, 

N/500  NaCH-N/500  MgQ, 

N/1,000  Naa-f  N/500  MgCI.. . . . 

N/500  MgCI. 

N/1,000  MgCI. 

N/50  NaCl 

N/100  Naa 

Distilled  water 

•SUsht.    Detarmination  not  made. 


r 


0.400 
0.800 
0.650 


0.900 
0.975 
1.125 
1.150 
0.840 
0.810  • 


0.900 
0.670 


2.0 
4.0 
5.5 
6.5 
1.0 
4.0 


8.0 
9.0 
9.0 
11.0 
9.0 
8.0 
6.0 
8.0 
1.0 
8.0 
8.0 


0 

1.0 
4.0 
2.0 
1.0 
Very  slight 


8.0 
13.0 
12.0 
10.0 

6.0 

5.0 

0 
Slight 

0 

6.0 

7.0 
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Fio.  3. —  AnHdoial  relations  between  sodium  and  magnesium;  distiUed  toater  as  the  sohreni 


1.  N/60  NaCl+N/lOO  MgCU 

2.  N/50  NaCl  +N/500  MgCb 

3.  N/50  NaCl +N/ 1000  MicCh 

4.  N/1000  NaCl+N/500  MgClt 


5.  N/50  NaCT 

6.  N/1000  Naa 

7.  N/500  MgCit 

8.  DistiUed  water 


Calcium  and  potassium 

It  has  been  shown  by  various  investigators  that  salts  of  potassium  are 
commonly  much  less  toxic  than  those  of  magnesium.  Nevertheless, 
a  relatively  weak  concentration  of  KCl,  N/50,  will  completely  inhibit  the 
growth  of  roots  of  the  field  pea;  and  it  is  only  when  the  concentration  is 
reduced  to  about  N/500  that  root  growth  is  approximately  equal  to  that 
when  the  plant  is  in  distilled  water.  It  has  already  been  shown  that 
calcium  salts,  at  concentrations  approaching  the  threshold  of  plasmolysis, 
may  show  little  or  no  inhibition  as  compared  with  distilled  water.  When 
the  salts  of  the  two  bases  calcium  and  potassium. are  combined  in  certain 
proportions  the  toxicity  of  the  potassium  is  entirely  overcome,  and  the 
growth  of  the  Canada  field  pea  seedlings  is  considerably  greater  than  in 
the  corresponding  concentrations  of  the  calcium  salt  employed  alone. 
This  increase  is  of  course  partly  due  to  the  presence  of  another  essential 
element.  In  general,  the  writer's  results  confirm  and  extend  those  of 
Kearney,  Osterhout,  Hansteen,  and  others,  indicating  that  there  is  suf- 
ficient evidence  to  uiterpret  the  relation  between  these  bases  as  one 
of  mutual  antagonism.  Osterhout  (1909),  experimenting  with  wheat,  has 
shown  this  relation  as  affecting  root  growth,  and  the  following  table  in- 
cludes some  of  the  more  significant  of  his  results: 
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TABLE  6.    Wheat  (Gbowth  during  Thirtt  Days).    QuANnriES  Rspresent  Cubic 
Centiiibterb  of  .12  M  Solutions 


Culture  scrfution 


Aggregate 
length  of 

roots 

per  plant 

(miUimeters) 


CaCl. 

100  Caa, 

lOKCl  . 

10  CaCls 
100  KCl... 
KQ 


85 
105 

492 
66 


In  the  writer's  experiments  Canada  field  peas  and  wheat  have  both 
been  employed,  and  in  each  case  the  presence  of  calcium  protects  the  plant 
from  the  injurious  action  of  potassium.  As  measured  by  the  effect  on 
the  total  green  weight,  the  writer's  results  show  a  protective  action  which 
is  not  so  marked  as  that  which  appears  from  the  data  of  Osterhout,  in 
which  root  length  alone  has  been  considered. 

TABLE  7.    ExpERDfENT  WITH  Canada  Field  Pea.    Duration,  Twbntt-Four  Dats 


Compodtion  of 
scdution 


Green 

Green 

Total 

Average 

Average 

weight 

weight 

green 

length 

length 

of  tops 

of  roots 

weight 

of  tops 

of  roots 

(grams) 

(grams) 

(grams) 

(centi- 
meters) 

(centi- 
meters) 

6.46 

3.60 

10.06 

14.0 

14.5 

6.60 

3.85 

10.45 

15.0 

15.0 

6.35 

3.95 

10.30 

14.0 

15.0 

5.25 

3.20 

8.45 

12.0 

8.0 

5.00 

2.90 

7.90 

8.8 

12.0 

0 

0 

0 

0 

0 

Inap.* 

0 

Inap.* 

Slight 

0 

1.90 

2.00 

3.90 

6.0 

6.0 

1.70 

1.70 

3.40 

6.0 

6.0 

Remarks 


N/20  CaCl,  +  N/20 

KCl 
N/20  CaCi,  + N/50 

KCl 
N/20  CaCi,-hN/500 

KCl 
N/600*  CaCi,iN/20 

KCl 
N/20  Caici,! ! ; '. 

N/20  KCl 

N/50  KCl 

N/500  KCl.... 
Distilled  water. 


^  loappreoiabW. 


Tops  dark  green 

Tops  dark  green 

Tops  dark  green 

Tops  light  green 
Tops  light  green 
No  growth,  dead 
Slight  growth,  dead 
Terminal  leaves  dead 
Color  poor 
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From  an  exammation  of  the  preceding  table  it  is  clear  that  a  toxic  sohi- 
tion  of  KCl  strong  enough  to  kill,  N/20,  may  be  r^idered  hamGdees  by 
an  equal  quantity  of  calcium;  while  if  the  solution  contains  N/500  CaCIs 
to  N/20  KCl,  the  maximum  effect  of  calcium  addition  is  not  felt.  On  the 
other  hand,  with  the  maximum  strength  of  the  calcium  salt  employed, 
dilution  of  the  KCl  to  N/500  does  not  materiaUy  affect  growth  as  com- 
pared with  that  in  the  strongest  combined  concentrations  employed. 
Inasmuch  as  the  solutions  containing  calcium  alone  yield  more  growth 
than  does  the  distilled  water  culture,  the  increase  in  growth  of  the  plants 
in  the  combined  solution  over  that  in  the  solution  of  calcium  alone  should 
not  be  attributed  wholly  to  the  protective  action  of  potassium  witii  req[)ect 
to  calcium. 


TABLE  8.    ExraHmsNT  with 


Wheat.    Dubatiok,  Thibtt  Datb. 
Plants 


Data   fob  Tkh 


Compoeitioii  of  sohitkm 


Total 

gram  weight 

of  pbots 

(graniB) 


Avenge  length 

of  tops 
(oentimeien) 


Avenge  length 

of  roots 
(oentuneten) 


N/100  CaCl,-f  N/100  Ka 
N/100  CaCU+ N/200  KO 
N/100  CaCl,+N/400  KCi 

N/100  CsCl, 

N/100  Ka 

N/200  KQ 

Distitled  water 


2.65 
2.49 
2.45 
2.80 
1.65 
2.20 
1.71 


12.5 
12.5 
12.3 
27.6 
7.0 
7.6 
17.6 


12.5 
15.2 
15.0 
17.5 
9.5 
11.5 
10.0 


From  a  consideration  of  Table  8  it  is  seen  that  a  solution  of  N/100 
KCl  is  toxic  for  wheat  seedlings  (and  it  should  be  noted  that  a  concentra- 
tion of  N/60  KCl  practically  prohibits  growth);  and  this  effect  is  to  a 
confflderable  extent  prevented  by  the  addition  of  an  equal  quantity  of 
calcium.  Nevertheless,  in  the  combined  solution  there  is  not  so  g^reat 
a  growth  of  toi)s  as  hi  the  calcium  alone,  nor  is  the  growth  of  tope  in 
the  combined  solution  quite  so  great  as  that  hi  distilled  water.  With 
respect  to  wheat  the  experiments  are  not  sufficient  to  determine  wheth^ 
or  not  there  is  a  protective  action  of  potassium  toward  calcium,  since 
a  toxic  solution  of  tiie  calcium  salt  was  not  employed. 
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Calcium  and  sodium 

The  relation  between  calcium  and  sodium  has  been  considerably  studied. 
Kearney  and  Cameron  (1902),  employing  alfalfa  and  lupine,  foimd  that  the 
greatest  endurable  concentration  of  sodium  chlorid  is  .02  mol.,  while  in 
the  presence  of  calcium  chlorid  the  amount  of  the  sodium  may  be  raised 
to  .2  mol. 

Attention  has  already  been  called  to  Loeb's  (1905  a)  experiments  with 
the  fish  Fundulus.  This  animal  cannot  live  in  pure  solutions  of  sodium 
chlorid  isotonic  with  sea  water.  It  can  live  for  a  long  time  in  distilled 
water  or  in  a  mixture  of  NaCl,  KCl,  and  CaCU  in  the  same  proportions 
in  which  these  salts  are  present  in  sea  water.  This  is  taken  to  show 
that  the  Ca  and  K  ions  are  required  only  to  overcome  the  poisonous 
effects  of  the  sodium  ion. 

From  experiments  with  wheat  seedlings,  Osterhout  (1908)  concludes 
that  mutual  antagonism  exists  between  calcium  and  sodium.  This  is 
based  on  data  of  which  the  following  form  a  part: 


TABLE  9.    Whbat  (Growth  ovrino  Thirtt  Datb).    QuANnma  GnrsN  are  Cubic 
Cbntimztbrs  of  .12  M  Soluttonb 


Culture  scrfution 


Aggregate 

length  of 

roots  per  plant 

(millimeters) 


CaClt 

100  CaCIt 
100  NaCI 

5CaCl. 
100  NaCl 

1  CaQt 
100  NaCl 
NaCl... 
Distilled  water 


85 
198 

440 

300 

55 

725 


Osterhout  states  also  that  this  relation  is  further  established  as  a  result 
of  experiments  with  algse,  liverworts,  and  Equisetum. 

The  results  cited  are  unusual  and  inexplicable  in  view  of  the  greater 
root  growth  in  distilled  water  than  in  the  solutions  of  the  combined  salts, 
which  result  the  writer  is  wholly  unable  to  duplicate.    It  is  noteworthy 
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that  the  most  favorable  growth  in  the  mixed  solution  occurs  when  the  cal- 
cium-sodium ratio  is  1 :  20.  In  any  case  the  protective  action  of  the  calcium 
is  apparent,  and  it  is  important  that  so  small  a  quantity  of  this  substance 
is  here  required. 

Aside  from  the  discrepancy  just  cited,  the  writer's  results  witli  field 
peas  are  fairly  comparable  with  those  already  mentioned.  The  data 
are  presented  in  detail  in  tables  10  and  11.  The  sodium  salt  is  stron^y 
deleterious.  A  much  stronger  solution  of  sodium  chlorid  is  required  to 
prevent  top  growth  than  to  prevent  furth^  elongation  of  roots.  Wh«i 
N/50  NaCl  is  employed,  sli^t  development  of  tops  occurs  but  there  is 
no  root  extension.  When  seedlings  are  placed  in  N/100  NaCl,  the  de- 
velopment of  tops  is  appreciable  and  the  elongation  of  roots  is  very  slight. 

In  a  mixed  solution  N/5000  CaClj  +  N/50  NaCl,  the  injurious  property 
of  the  sodiiun  is  entirely  counteracted.  Thus  calciiun  is  a  powerful  anti- 
dote for  sodium  that  is  present  in  an  injurious  concentration.  The 
same  beneficial  relation  exists  when  the  calcium  ion  is  pres^it  in  much 
stronger  concentration,  for  example,  in  N/50  NaCl  +  N/20  CaClj.  The 
growth  of  the  seedlings  is  greater  than  in  the  pure  solutions  of  calcium. 
Moreover,  the  results  do  not  indicate,  in  general,  that  the  most  favorable 
ratio  will  involve  a  relatively  small  proportion  of  calcium. 


TABLE  10. 


Experiment  with  Canada  Field  Pea. 
Data  for  Ten  Plants 


Duration,  Twentt-four  Date. 


Compoflition  of  solution 


Green 

Green 

Total 

Average 
length 
of  tops 
(centi- 
meters) 

weight 

weight 

green 

of  tops 

of  roots 

weight 

(grams) 

(grams) 

(grams) 

6.10 

4.00 

10.10 

14.0 

5.15 

3.80 

8.95 

12.0 

6.20 

3.40 

9.60 

15.0 

6.00 

3.45 

9.45 

15.5 

6.10 

3.25 

9.35 

15.0 

4.70 

2.50 

7.20 

12.5 

SmaU 

0 

SmaU 

3.0 

Small 

Inap.* 

Small 

4.0 

5.00 

2.90 

7.90 

9.0 

1.82 

1.75 

3.57 

6.0 

Average 
length 

of  roots 
(oen^ 
meters) 


N/50  Naa+N/20  CaCl,. . . . 
N/50  NaCH-N/500  CaCl, . . 
N/50  NaCl+N/1,000  CaCU. 
N/50  NaCl-f  N/2,000  CaCl.. 
N/50  NaCl+N/5,000  CaCl,. 
N/100  NaCl-hN/1,000  CaCl, 

N/50  NaCl 

N/100  NaCl 

N/20Caa, 

Distilled  water 


*Inappieoiabl«, 


140 
14.0 
11.0 
10.5 
10.0 

9.0 

0 

Sli^t 

12.0 

7.0 
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TABLE  11. 


EXPBBIMKNT   WITH   CANADA    FlBLD   PbA.      DURATION,    TWMNTT-FOUR    DaTB. 

Data  for  Ten  Plants 


Compoflition  of  solution 


N/100  NaCl+N/1,000  CaCh. 
N/100  NaCl+N/2,000  CaCl,. 
N/100  NaCl+N/4,000  CaCl,. 

N/100  NaCl 

N/1,000  CaCh 

N/2,000  CaCh 

N/4.000  CaCI. 

Distilled  water 


Green 
weight 
of  tops 

(grams) 


5.25 
6.50 
4.80 
Small 
6.20 
5.10 
4.80 
2.20 


Green 
weight 
of  roots 
(grams) 


3.90 
4.60 
3.70 
Inap.* 
3.30 
2.20 
2.10 
1.80 


Total 
green 
weight 

(grams) 


9.15 
11.10 
8.50 
SmaU 
9.50 
7.30 
6.90 
4.00 


Average 
length 
of  tops 
(centi- 
meters) 


18.0 
25.0 
17.0 

4.0 
22.0 
18.0 
19.0 

7.0 


Average 
length 
of  roots 
(centi- 
meters) 


12.0 

14.0 

11.0 

2.0 

13.0 

10.0 

9.5 

4.0 


*lnappreciable. 


Calcium  and  ammonium 


The  salts  of  ammonium  are  extremely  injurious  to  green  plants  at 
relatively  dilute  concentrations.  V/hen  wheat  seedlings  are  placed  in 
very  dilute  solutions  of  ammonium  chlorid  the  deleterious  action  is 
exhibited  in  a  pronounced  manner  by  the  inhibition  of  root  growth. 
Immediate  injurious  effects  on  the  tops  are  manifest  only  when  the  con- 
centration is  considerably  increased.  (An  explanation  of  this  behavior  is 
reserved.)  In  this  connection  it  is  of  interest  to  note  that  the  salts  of 
ammonium  are  in  general  considered  agents  which  penetrate  the  cell 
more  rapidly  than  do  other  salts.  Experiments  conducted  by  the  writer 
with  peas  and  wheat  show  conclusively  that  the  deleterious  effect  of 
ammonium  is  greatly  reduced  by  the  addition  of  calcium;  yet  the  calcium 
relation  is  apparently  not  modified  by  ammonium. 

Mslz6  (1900)  states  that  ammonium  salts  are  p)oisonous  to  com  when 
present  in  greater  amounts  than  .5  part  per  1000  in  the  following  solution: 

Distilled  water 1,000  cubic  centimeters 

KH2PO4./? 1.0    gram 

CaCOs 2.0   grains 

MgS04 0.2    gram 

FeS04 0.1    gram 

MnClj .0.1    gram 

ZnCli Trace 

KiSitOj Trace 

He  found  the  toxicity  manifested  particularly  in  the  root  development. 
The  roots  were  retarded  in  their  growth,  being  short  and  stubby. 
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Canada  Field  Pka.    Dueatioh,  Twunr-fouK  Dats. 
Data  for  Ten  Plamtb 


Coaip:dtioti  of  sohttioo 


Greeo 

of  tops 

(grams) 


Greeo 
weight 
oCrooto 

(grams) 


ToUl 
Sreen 
weight 

(grams) 


A^rerage 
length 
of  tops 
(oenti- 

meters) 


Average 
lengtk 
of  rooia 

(eenti- 
■) 


N/20CaCls 

N/20  CaCl.+N/100  NH/:i. . 
N/20  CaCIH-N/500  NH/:i. . 
N/20  CaClrfN/1,000  NHXJl. 
N/100  CaCI.+N/500  NH4CI . 
N/1,000  CaCl,+N/l,000  NH/:i 
N/6,000  CaClH-N/1,000  NH,C1 

N/30NHX1 

N/500  NHXJl 

N/1,000  NHXa 

N/6,000  NHXn 

N/100  CaCI, 

Distilled  water 


5.00 
3.76 
4.25 
4.16 
5.72 
6.26 
3.65 
Not  taken 
1.66 
1.72 
1.80 
6.70 
1.86 


2.90 
2.90 
2.86 
2.60 
3.60 
2.66 
2.46 

1.80 
1.90 
2.10 
3.20 
1.76 


8.8 

11.0 

11.2 

8.6 

11.6 

12.6 

8.0 

2.0 

6.0 

6.6 

6.3 

10.0 

6.0 


12.0 
12.0 
12.0 
12.0 
10.5 
10.0 
6.0 
0 

6.0 
6.0 
6.5 
13.0 
7.0 


Flo.  4. —  AniidoUd  relaHons  between  calcium  and  ammonium;  diatiUed  waUr  at  the  sobeiil 

1.  N/aO  CaCls  8.  N/60  CaOi  +N/1000  NH^a 

8.  N/20  CaCli+N/600  NHjCl  C  N/1000  NBJcL 
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TABLE  13.    EzPBKiMBNT  WITH  Canada  Fielo  Pba.      Duration,  Thirtt  Datb.    Data 

FOR  Ten  Plants 


Compoeitioii  of  aolutioii 


Green  weight 
of  roots 
(grams) 


Average  length 

of  tops 
(centimet^v) 


Average  length 

of  roots 
(centimeters) 


N/ia>CaCl,-f  N/1,000  NHiO 
N/100  CaCh+N/2,000  NH/^1 
N/100  CaCU-f  N/3,000  NH4CI 
N/100  ClfcCl,-f  N/4,000  NH4CI 

N/30NHXn 

N/500  NH^ 

N/2,000  NHiCl 

N/3,000  NH4CI 

N/4,000  NH/^1 

N/100  CaCl, 

Distilled  water 


2.00 
2.00 
2.54 
2.03 
0 
Weight  not 
taken 
1.63 
1.67 
1.70 
2.85 
1.80 


0.0 
11.0 
10.0 
10.0 

2.0 

2.0 
4.0 
4.0 
4.0 
13.0 
7.0 


8.0 
10.0 
10.0 

9.5 

0 

Slight 
3.0 
3.0 
4.0 
8.0 
5.0 


TABLE  14.    Experiment  wfth  Wheat.    Duration,  Thirty  Days. 

Plants 


Data  for  Ten 


Composition  of  solution 


Total 

green  weight 

of  plants 

(grams) 


Average  length 

of  tops 
(centimeters) 


Average  length 

of  roots 
(centimeters) 


N/100  CaCl,+N/l,000  NHiCl 
N/100  Caa,+N/2,000  NH,C1 
N/100  CaCl,+N/3.000  NH«C1 
N/100  CaCI,-hN/4,000  NH«C1 

N/2,000  NH«C1 

N/3,000  NH^ 

N/4,000  NH4CI 

N/100  CaCh 

Distilled  wat^ 


0.95 
1.20 
1.40 
1.15 
1.16 
1.10 
1.16 
2.88 
1.71 


12.5 
15.0 
15.5 
13.0 
9.0 
10.0 
11.0 
17.5 
10.5 


12.5 
15.0 
12.5 
10.0 
Very  slight 
Very  slight 

27!5 
17.5 


The  relations  of  calcium  and  ammonium  in  the  complex  nutrient 
solution  have  also  been  followed.  The  nutrient  solution  was  of  the 
same  composition  as  that  employed  in  the  first  series  in  which  the  calcium 
and  magnesium  relations  were  studied. 

An  examination  of  the  data  set  forth  in  Table  15  shows  that  in  this 
solution  N/25  NP4CI  is  very  injurious  to  the  tops  of  seedlings,  and 
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Canada  Fdbld  Pea.    Duration,  Twentt-fiyb  Date. 
Data  for  Ten  Plants 


Composition  of  solution 

Green 
weight 
of  tops 
(grams) 

Green 
weight 
of  roots 

(grams) 

Total 

Average 
length 

Average 
kngth 

(nutrient  solution  as 
theeolvent) 

green 
weight 
(grams) 

of  tope 
(centi- 
meters) 

of  roots 
(centi- 
meters) 

N/10  CaCl,-hN/25  NHiO 

1.90 

2.60 

4.50 

6.0 

6.0 

N/25  CaCU+N/25  NH/^1 

5.50 

4.52 

10.02 

11.0 

12.0 

N/60  CaCh+N/25  NH4CI 

4.29 

3.90 

8.19 

10.0 

12.0 

N/100  CaCl,+N/25  NH^. . . . 

4.91 

4.95 

9.86 

9.0 

11.0 

N/500  CaCU+N/25  NH/^1. . . . 

3.10 

4.15 

7.25 

7.0 

12.0 

N/25  CaClt+N/500  NH4CI. . . . 

11.95 

7.80 

19.75 

18.0 

13.0 

N/25  CaCl,-hN/100  NH4CI. . . . 

11.08 

5.80 

16.88 

17.0 

13.0 

N/10  CaCU+N/50  NH4CI 

6.81 

4.31 

11.12 

11.0 

8.0 

N/50  CaCU+N/50  NH4CI 

11.11 

6.20 

17.31 

15.0 

14.0 

N/100  CaCl2-hN/50  NH4CI. . . . 

10.35 

5.70 

16.05 

14.0 

12.0 

N/500  CaCla+N/50  NH4CI. . . . 

9.45 

4.60 

14.05 

14.0 

12.0 

N/1,000  CaCl,+N/50NH4Cl. . 

8.45 

4.38 

12.83 

12.0 

12.0 

N/25  NH4CI 

3.50 

3.80 

7.30 

7.0 

12.0 

N/50NH^1 

9.75 

4.85 

14.60 

11.0 

11.0 

N/100  NH4CI 

8.80 

4.40 

13.20 

12.0 

12.5 

N/500  NH4CI 

9.60 

6.56 

16.16 

17.0 

11.0 

Nutrient  solution 

10.40 

5.20 

15.60 

•      13.0 

10.0 

FiQ.  5.—  AnHdotcd  rdoHona  between  caidum  and  ammonium;  nutrient  solution  as  the  eohent 

1.  N/IO  CaClf +N/26  NHiQ  6.  N/10  CaCh 

2.  N/25  CaCli+N/26  NHiQ  6.  N/26  CaCli 

3.  N/100  CaCU +N/25  NHiCl  7.  N/fiOO  CaCli 

4.  N/500  C8Cls+N/26  NH4CI  8.  N/26  NlWa 

9.  Nutrioit  Klutiaa 
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to  a  somewhat  less  extent  to  the  roots.  Although  slight  growth  results 
in  the  above  cultures,  death  of  tops  soon  occurs.  N/50  NH4CI  is  only 
dightly  toxic.  The  addition  of  either  N/25,  N/60,  or  N/100  CaCU 
reduces  the  deleterious  action  of  N/25  or  N/60  NH4CI;  whereas  N/10 
CaCla  increases  the  total  injury,  possibly  due,  however,  to  the  general 
increase  in  concentration. 

Sodium  and  ammonium 

Mutual  antagonism  may  be  shown  to  exist  between  sodium  and  ammo- 
nium ions,  wheat  seedlings  being  employed  as  indicators.  The  writer's 
experiments  show  that  death  of  the  seedlings  soon  results  when  they  are 
placed  in  a  solution  of  N/50  NaCl.  A  solution  of  N/2000  NH4CI  is 
poisonous  to  the  seedlings.  The  toxicity  of  the  ammonium  ions  of  either 
N/100,  N/500,  or  N/1000  NH4CI  is  greatly  reduced  by  N/60  NaCl. 
Solutions  of  either  N/500,  N/1000,  or  N/2000  NaCl  appreciably  antidote 
N/1000  NH4CI.  The  toxicity  of  N/50  NaCl  is  clearly  antidoted  by 
NH4CI.  The  following  data  from  the  writer's  experiments  support  these 
statements: 


TABLE  16.     ExPEiuifENT  with 


Wheat.     Dukation,  Twentt-onb  Days.     Data  for 
Eight  Plants 


Compodtion  of  Bolution 


Average 

length 

of  tops 

(centimeters) 


Average 

length 

of  roots 

(centimeters) 


Total 

green 

weight 

(grams) 


Color 
of  tops 


N/50  NaCl-f  N/100  NH4CI. . . . 
N/50  NaCl+N/500  NH«C1. . . . 
N/50  NaCH-N/1,000  NH4CI. . . 
N/500  NaCl-f  N/1,000  NH4CI.. 
N/1,000  NaCH-N/1,000  NH4CI 
N/2,000  NaCl+N/1,000  NH4CI 
N/50  NaCl 

N/500  Naa 

N/2,000  NH4CI 

DisUlled  water 


8 
11 
11 
12 
11 
11 
Slight  growth 

11 
4 
8 


6 
7 
8 
6 
6 
6 
Slight  growth 


Slight  growth 


.50 
.95 
.90 
.75 
.72 
.69 
Weight  not 
taken 
.86 
.45 
.95 


Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 

Poor 
Poor 
Poor 


Calcium  and  barium 

Barium  in  soils, —  Considerable  interest  was  attached  to  the  experiments 
with  barium,  since  in  recent  times  the  occurrence  and  distribution  of 
S8 
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barium  in  soils  and  in  plants  has  recdved  qieeial  attention.  According 
to  the  results  obtained  by  Failyer  (1910),  barium  is  a  ¥ndely  dLssaninated 
element.  It  is  pres^xt  in  most  soils  of  Uie  United  States,  the  larger  quan- 
tities occurring  in  soils  derived  from  masses  carrying  barite  d^xisits.  Hie 
original  source  in  all  cases  seems  to  be  the  f dd^>ars  of  ihe  igneous  rockSy 
the  masses  carrying  barite  being  intamediate  in  formation.  Barium  may 
be  expected  to  be  present  in  small  amounts  in  soil  wat^.  Crawford  (1908) 
has  noted  its  presence  in  various  plants  and  has  rdated  its  occurr»ice  to 
the  loco  disease. 

Toxicity  of  barivm. — Although  closely  related  to  calcium  the  barium  icm 
is  extremely  toxic  in  pure  solution,  and,  since  it  is  widely  distributed  in  soils 
and  ispresent  in  many  kinds  of  plants,  it  is  dearable  to  know  definitely  the 
effects  on  the  barium  ion  of  the  calcium  ion  with  respect  to  plant  growth. 

Relatively  little  work  seems  to  have  been  recorded  reelecting  the  rela- 
tions of  barium.  Through  some  experiments  deagned  to  det^mine  the 
extent  to  which  this  element  may  replace  calcium  in  the  growth  of  plants, 
Suzuki  (1910)  found  tiiat,  altiiough  barium  is  poisonous  to  plants  at  rela- 
tively dilute  concentrations,  this  poisonous  action  can  be  less^ied  con- 
siderably by  the  presence  of  calcium  salts. 

The  data  obtained  by  the  writer  as  a  result  of  experiments  with  Canada 
field  peas  show  clearly  that  barium  is  extremely  poisonous  to  plants  and 
may  be  rendered  innocuous  by  calcium.  Moreover,  when  barium  and 
calcium  ions  are  present  in  proper  concentrations,  the  growth  of  pea  seed- 
lings may  be  slightly  more  extensive  than  in  solutions  of  calcium  alone. 

Duration,  THnrrr  Datb.    Data 


TABLE   17.      EXPBRIMBNT  WITH 


Canada  Field  Pba. 
FOB  Ten  Plants 


CompoBition  of  solution 


Green  weight 
of  roots 
(grams) 


Average  length 

of  tops 
(oentimeters) 


Average  length 

of  roots 
(ottitimeteca) 


N/100  CaCl«+N/2,000  BaCU. . 
N/100  CaCU+N/4,000  BaCh. . 
N/100  Caa,+N/8,000  BaCl,. . 
N/100  CaCl,+N/10,000  BaCl, 

N/1,000  BaCU 

N/4,000  BaCl, 

N/8,000  BaCl. 

N/100  CaCl, 

Distilled  water 


2.30 
2.51 
2.40 
2.50 
0 
Weight  not 
taken 
2.40 
2.65 
1.43 


8.00 
10.60 
0.50 
7.50 
0.25 

4.00 
6.00 
8.50 
7.00 


9.0 
9.5 
8.5 
9.5 
0 

Slif^t 
8.0 
9.5 
6.0 
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TABLE  18.    ExnaiMKNT  with  Canada  Fisld  Pba.    Duration,  Twzntt-poub  Days. 

Data  fob  Tbn  Plants 


Compoeition  of  solution 


Green 
weight 
of  tops 

(grams) 


Green 
weight 
of  roots 
(grams) 


Total 

green 

weight 

(grams) 


Average 
length 
of  tops 
(centi- 
meters) 


Average 
length 
of  roots 
(centi- 
meters) 


N/20  CaCI«-|-N/260  BaQ,. . . 
N/20  Caa,+N/500  BaCl«. . . 
N/20  Caa«+N/1,000  BaCU. . 
N/20  Caa«-|-N/6,000  BaCI,. . 
N/100  CaCI«+N/10,000  BaCI, 
N/1,000  BaCU 

N/6,000  BaCI, 

N/10,000  BaCli 

N/20CaCl, 

N/100  CaCl. 

Distilled  water 

N/lOCaa, 

N/10  Caa,-f  N/1,000  BaCI,. . 
N/10  CaCl,-|-N/4,000  Bad,. . 
Distilled  water 


5.50 
5.45 
5.65 
4.55 
5.25 
Weight 
not taken 
0.82 

1.82 
5.00 
5.70 
1.70 


3.90 
4.15 
3.65 
3.70 
3.52 

0 
Weight 
not  taken 
1.90 
2.90 
3.20 
1.75 


9.^ 
9.60 
9.30 
8.25 
8.77 

Small 


3.72 
7.90 
8.90 
3.45 


10.0 
9.5 

15.0 
9.0 

10.5 

1.0 

3.0 
6.5 
9.0 
10.0 
6.0 


8 
11 

9 
11 
12 


Slight 

7 

12 

13 

6 


4.00 
4.30 
4.76 
1.65 


4.60 
5.56 
6.50 
1.82 


8.60 

9.86 

11.26 

3.47 


7.0 

10.0 

9.0 

5.0 


12 

12 

14 

6 


Magnesium  and  barium 

With  Canada  field  peas  it  was  found'  that  magnesium  and  barium  anti- 
dote each  other.  The  action  is  not  great,  however.  Furthermore,  as 
exhibited  by  the  data,  this  antitoxic  action  is  more  evident  when  growth  of 
roots  is  considered  alone  than  when  growth  of  both  roots  and  tops  is 
considered. 

In  this  series  N/800  MgCU  is  approximately  the  lethal  concentration, 
and  in  a  solution  of  N/40(X)  BaCls  the  root  growth  is  slightly  less  than  in 
distilled  water.  When  magnesium  and  barium  are  offered  together  as 
N/800  MgCla  and  N/4000  BaCla,  the  development  is  much  greater  than 
in  distilled  water.  When  a  stronger  solution  of  barium  is  combined  with 
magnesium  the  solution  is  toxic.  On  the  other  hand,  when  N/800  MgCU 
and  N/6000  BaCU  are  mixed  in  solution,  the  poisonous  action  of  the  mag- 
nesium is  not  appreciably  reduced. 
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TABLE  19.    ExPBRiifXNT  with  Canada  Field  Pba.    Ditbation,  Thistt  Datb.    Data 

FOB  Tbn  Plants 


Composition  of  solution 


Green  weight 
of  roots 
(grams) 


Average  length 

of  tops 
(centimeters) 


Average  length 

of  roots 
(centimeien) 


N/800  Mga,+N/2,000  BaCl, 
N/800  MgCl,+N/4,000  BaCh 
N/800  MgCl,+N/6,000  BaCl, 

N/800  MgCl, 

N/2.000  BaCU 

N/4,000  BaCl. 

Distilled  water 


0 

2.^ 

1.85 

1.35 

0 

1.22 

1.42 


3.0 
8.0 
7.0 
6.0 
3.0 
6.0 
7.0 


0 

8.0 
7.0 
3.5 
Slit^t 
3.0 
6.0 


Potassium  and  barium 

In  order  to  obtain  more  extensive  data  with  respect  to  potassium  and 
barium  ions,  cultures  were  made  up  in  which  these  cations  were  present 
alone  and  other  cultures  in  which  they  were  together  in  solution.  The 
solvent  employed  was  N/1000  CaClj.  It  was  previously  determined  that 
N/1000  CaCla  is  wholly  ineffective  in  preventing  the  toxicity  of  barium 
at  concentrations  here  employed.  Osterhout  (1907),  discussing  results 
obtained  from  experiments  with  wheat,  states:  "  If  we  place  grains  of 
wheat  in  NaCl  (or  KCl)  .05  M  very  little  growth  occurs.  The  addition 
of  a  very  small  quantity  of  barium  (100  c.c.  NaCl+T  c.c.  BaClz  .05  M  or 
100  c.c.  KCl  .05  M+1  c.c.  BaCU  .05  M)  at  once  produces  a  splendid 
growth." 

Toxic  strengths  of  potassium  and  lethal  concentrations  of  barium  were 
employed  in  the  experiments.  It  was  found  that  when  these  ions  are 
present  together  in  the  weak  solution  of  CaClj  mentioned,  mutual  antag- 
onism results.  It  is  to  be  noted  that  N/25  KCl  is  highly  injurious  to 
seedlings  and  N/500  BaC^  prevents  growth.  Appreciable  top  growth 
takes  place  and  the  toxicity  toward  the  roots  is  reduced,  in  cultures  com- 
posed of  N/25  KCl+N/500  BaCli.  Similar  results  are  obtamed  when 
N/25  KCl  is  present  m  solution  with  either  N/1000  or  N/2000  BaCt 
In  no  combination  is  the  top  development  of  the  plants  so  extensive  as 
In  those  grown  in  the  controli  N/1000  CaCls. 
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TABLE  20. 


Experiment  with  Canada  Field  Pea. 
FOR  Ten  Plants 


Duration,  THnrrr  Datb.    Data 


Composition  of  solution 
(N/1000  CaCls  as  the  solvent) 


N/25  KQ 

N/26  KCl+N/500  BaCl, 

N/26  KCl-l-N/1,000  FaCh. . . . 
N/26  KCl-f  N/2,000  BaCU. . . . 
N/100  Ka+N/1,000  BaCl,. . . 
N/1,000  KCl-l-N/1,000  BaCI... 

N/500  BaCl, 

N/1,000  BaCl, 

N/1,000  Caa, 


Green 

Green 

Total 

Average 
length 
of  tops 
(centi- 
meters) 

weight 

weight 

green 

of  tops 

of  roots 

weight 

(grams) 

(grams) 

(grams) 

Too  dry 

to  weigh 

3.75 

3.0 

1.75 

5.37 

7.12 

5.0 

3.15 

5.77 

8.92 

60 

2.35 

4.85 

7.20 

3.5 

2.55 

2.68 

5.23 

6.0 

2.10 

2.50 

4.60 

5.0 

0 

0 

0 

0 

Weight  not 

taken 

Slight 

Slight 

3.0 

5.20 

3.46 

8.66 

8.0 

Average 
length 

of  roots 
(centi-. 
meters) 


5.0 
10  0 
12.0 

7.0 
10.0 

8.0 

0 

Slight 
10.0 


Calduin,  potassium,  sodium,  or  magnesium,  and  strontium 
Suzuki  (1910),  while  endeavoring  to  determine  whether  or  not  strontium 
can  replace  calcium  in  plants,  called  attention  to  the  toxicity  of  this 
element.  Osterhout  (1907)  has  indicated  that  strontium  has  a  protective 
action  with  respect  to  magnesium.  He  says:  "  In  a  solution  of  .05  M 
MgCU  or  MgS04  or  Mg(N03)2  grains  of  wheat  make  scarcely  any  growth. 
But  if  to  a  solution  of  100  c.c.  MgCls  .05  M  we  add  20  c.c.  SrCU  a  very 
fine  growth  is  observed.'' 

The  writer  finds  from  experiments  with  pea  and  wheat  seedlings  that 
calcium,  potassium,  sodium,  and  magnesium  each  reduces  the  deleterious 
action  of  strontium,  and  that  when  strontium  is  present  in  solution  with 
either  Of  these  the  growth  is  greater  than  in  pure  solutions  of  these  sub- 
stances, as  shown  in  the  following  tables.  It  will  be  noted  that  the  growth 
in  solutions  in  which  nitrates  were  employed  greatly  exceeds  that  when 
chlorids  are  used.  In  the  different  tables,  therefore,  the  data  are  not 
comparable. 

Calcium  and  strontium. —  From  tables  21  and  22  it  is  evident  that 
calcium  and  strontium  have  a  mutually  protective  action.  Calcium  is 
very  effective  in  reducing  the  harmful  properties  of  strontium.  N/100 
Sr(N03)2  is  strongly  toxic  to  both  tops  and  roots  of  seedlings,  while 
N/500  Sr(N03)2  is  injurious  to  the  roots.  When  solutions  of  N/20 
Ca(NOi)s  and  N/100  Ca(NOi)s,  respectively,  are  mixed  with  the  above 
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concentrations  of  strontium  the  toxicity  is  entirely  overcome.  It  is  to  be 
noted  further  that  the  addition  of  N/100,  N/260,  N/SOO,  or  N/1000 
Sr(N0a)2  to  N/20  Ca(NOa)i  results  in  a  greater  production  of  both  tops 
and  roots  than  occurs  in  N/20  Ca(N0a)2  alone.  The  increase  in  growth 
cannot  be  attributed  to  the  addition  of  the  nitrate  radical  to  the  calcium 
solution,  inasmuch  as  similar  relations  exist  between  the  chlorids  of  these 
metals. 

The  more  concentrated  solutions  of  strontium  cause  an  increase  in 
diameter  of  the  roots  of  pea  seedlings.  Slight  elongation  takes  place  and 
no  lateral  roots  are  formed.  As  indicated  in  Table  21,  less  concentrated 
solutions  are  required  to  injure  the  roots  than  to  produce  injiuy  to  the  tops. 


TABLE  21. 


EZPXRIMKMT   WITH   CaKADA   FiELD   PbA.      DuRATIOH,   TWKfTT-VOUB   DaTB. 

Data  fob  Ten  Plants 


Composttion  of  solutioii 


Green 
weight 
of  tops 
(grams) 


Green 
weight 
of  roots 
(grams) 


Total 

green 

weight 

(grams) 


Avenge 
length 
of  tops 
(oenti- 

meten) 


Avenge 
length 

of  roots 
(oenti- 

meten) 


N/20  Ca(NO.),+N/100  8r(N0.)«. . 
N/20  Ca(NO.),+N/260  Sr(NO«).. . 
N/20  Ca(NO,),-f  N/500  8r(N0.),. . 
N/20  Ca(NO»)«+N/l,000  Sr(NO.)«. 
N/100  Ca(NO.),+N/260  8r(N0.),. 
N/100  Ca(NO,),+N/500  Sr(NO.),. 

N/20Ca(NO.)« 

N/100  Ca(NO.), 

N/60  Sr(NO«)« 

N/100  Sr(NO,), 

N/500  8r(N0,), 

N/1,000  Sr(NO,), 

Distilled  water. 


7.80 
7.20 
7.25 
9.20 
7.85 
7.35 
7.30 
7.05 
Slight 
1.60 
3.20 
2.40 
1.75 


4.40 

4.20 

4.27 

4.70 

3.70 

3.45 

3.20 

3.70 

0 

1.20 

1.35 

1.50 

1.70 


12.20 
11.^ 
11.52 
13.90 
11.55 
10.80 
10.50 
11.65 

2.80 
4.55 
3.90 
3.45 


23.0 

22.5 

23.5 

24.0 

19.0 

18.5 

16.0 

16.0 

2.0 

5.5 

8.5 

8.0 

6.0 


13.0 

12.5 

14.0 

11.0 

9.0 

8.0 

11.5 

7.9 

Sligfat 

4.0 

3.5 

6.0 

6.5 


TABLE  22.    Expbbiiient  wtth 


Canada  Field  Pea. 
FOR  Ten  Plants 


DiTBATION,  ThIBTT  DaTB.      DaTA 


Composition  of  solution 


Green 
weight 
of  tops 
(grams) 


Green 
weight 
of  roots 
(grams) 


Total 

green 

weight 

(grams) 


Average 
length 
oi  tops 
(centi- 
meters) 


Average 
length 

of  roots 
(centi- 
meten) 


N/lOCaCl. 

N/10  CaCl,+N/500  SrCl. 

N/500  8iCl, 

DistUled  water 


4.10 
4.30 
1.45 
1.65 


4.60 
6.10 
1.24 
1.82 


8.70 

10.40 

2.69 

3.47 


7.0 
9.0 
6.0 
6.0 


12.0 

14.0 

5.5 

6.0 
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FiQ.  6. —  Antidotal  relaHans  between  calcium  and  eirontiurn;  distilled  water  a»  the  eoheni 


13.  N/100  8r(NOi)f 

14.  N/500  Sr(N()a)f 

15.  N/1000  Sr(N()»)« 

16.  N/5000  Hr(NOi)« 

17.  N/20  CaCU +N/ 100  Sr(NOi)» 

18.  N/20CaCli+N/500  8r(NOi)« 


19.  N/20  CaCl, +N/ 1000  8r(NO»)i 

20.  N/100  CoCb+N/250  8r(NOi)» 

21.  N/100  CaCI«+N/600  8r(NOi)« 

22.  N/20  CaCb 

23.  N/100  CaCb 

24.  DistUled  water 


Potassium  and  strontium. — Both  potassium  and  strontium  are  strongly 
toxic  to  the  roots  of  wheat  seedlings.  It  is  to  be  noted  in  Table  23  that 
the  root  development  is  slight  in  solutions  (rf  either  N/60  KCl  or  N/2000 
SrClj.  It  is  shown  further  that  the  top  growth  of  the  wheat  in  these 
solutions  is  greater  than  that  in  distilled  water.  The  deleterious  action 
is  counteracted  when  these  salts  are  mixed  in  distilled  water.  In  a 
solution  containing  N/60  KCl+N/2000  SrClj  the  development  of  both 
tops  and  roots  of  the  seedlings  is  greater  than  those  grown  in  individual 
solutions  of  these  salts.  When  N/1000  KCl  and  N/1000  SrClj  are  com- 
bined, the  poisonous  action  of  the  strontium  is  but  slightly  reduced. 


TABLE  23.    Experiment  with  Wheat.    Duration,  Twbntt-five  Days.    Data  for  Ten 
•  Plants 


Compofation  of  solution 


Total 

green  weight 

of  plants 

(grama) 


Average  length 

of  tope 
(centimeters) 


Average  length 

of  roots 
(centimeters) 


N/50  KCl-f  N/100  Sia,.... 
N/50  KCl-hN/500  SrCl,. . . . 
N/50  KCl+N/2,000  SrCh. . . 
N/1,000  KCl+N/1,000  SrCl, 

N/2,000  SrCl, 

N/20  KCl 

N/50  KQ 

Distilled  water 


0.762 

1.250 

1.500 

1.000 

0.750 

0 

0.810 

0.680 


8.0 

10.0 

10.0 

8.0 

7.6 

.  0 

8.0 

7.0 


9.0 
9.0 
10.0 
2.0 
1.5 
0 

1.6 
6.0 
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Sodium  and  strontium. —  With  these  bases  also,  as  with  potassium  and 
strontium,  is  shown  a  clear  case  of  mutual  antagonism.  By  combining 
a  solution  of  sodium  with  one  of  strontium,  each  of  which,  when  alone 
in  solution,  is  detrimental  to  wheat  plants,  no  detrimental  action  results. 
Sodium  is  not  so  effective  as  potassium  in  overcoming  the  harmful  prop-^ 
erties  of  strontium.  For  example,  an  N/500  NaCl  solution  does  not 
reduce  the  toxicity  of  N./1000  SrCU  to  any  greater  extent  than  does  a 
solution  of  N/1000  KCl.  A  comparison  of  the  data  m  Table  23  with 
those  in  Table  24  discloses  the  fact  that  the  growth  of  wheat  seedlings  is 
less  when  placed  in  cultures  containing  sodium  and  strontium  than  when 
placed  in  solutions  of  similar  composition  of  potassium  and  strontium. 


TABLE  24.    Experiment  with  Wheat.    Duration,  Twenty-five  days.    Data  for  Teh 

Plants 


CompoBition  of  solution 


N/50  NaCl 

N/50  NaCl-f  N/100  SrCh . . 
N/50  NaCl+N/500  SrCU. . 
N/50  NaCl-l-N/2,000  SrCls. 
N/500  NaC14-N/l,000  SrCl, 

N/2,000  SrCh 

Distilled  water 


Total 

green  weight 

of  plants 

(grams) 


0.51 
0.71 
1.05 
1.10 
1.10 
0.75 
0.68 


Average  length 

Average  length 

of  tops 

of  roots 

(centimeters) 

(centimeters) 

4.0 

0 

6.0 

5.0 

8.5 

9.0 

9.0 

8.0 

7.0 

2.0 

7.5 

1.5 

7.0 

6.0 

iCi*^u^(^^Hr? 

e'0 

^ 

W^ 

t  tSf 

©    /55    fr 

P-l-r"-----^- 

;  \:: 

FiQ.  7. —  Anticlptal  relations  between  sodium  and  strontium;  distilled  waler  as  the  «o2miiI 

81.  N/^  NaNOi  S7.  N/500  NaNOa+N/500  Sr(NO«>t1 

82.  N/$0  NaNO»  88    N/500  NoNO«+N/1000  Sr(NOi)« 

83.  N/100  NaNOi  |  89.  N/500  NaNOi +N/3000.Sr(NOSi 

84.  N/Jo  NaNO«+N/600'Sr(NOa)t  90.  N/100  Sr(NOi)«  < 
86.  N/WNaNOa-f  N/1000  Sr(NO«)«  91.  N/500  Sr(N0»)t  I 
86.  N/60  NaNOi+N/3005  6r(N0j^  92.  N/6000XNOi)i 
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Magnesium  and  strontium. —  It  has  been  seen  that  magnesium  and 
strontium  are  toxic  at  comparatively  weak  concentrations.  However, 
when  these  bases  are  combined  in  the  proper  proportions  and  concentra- 
tions this  toxicity  is  mutually  counteracted. 

Inasmuch  as  Canada  field  pea  seedlings  elongate  but  little  in  the  absence 
of  calcium,  a  trace  of  this  compound  —  N/1000  CaCU  —  was  added  to 
each  of  the  cultures  in  the  experiments  noted  below.  With  the  increase  in 
growth  obtained  by  the  addition  of  calcium  the  antidotmg  action  of  the 
bases  magnesium  and  strontium  is  more  obvious. 


TABLE  25.    ExPERimcNT  with 


Canada  Fhbld  Pba. 
FOR  Ten  Plants 


Duration,  Thirty  Days.    Data 


Composition  of  solution 
(N/1000  CaCU  as  the  solvent) 


Green 

Green 

Total 

Average 
length 
of  tops 
(centi- 
meters) 

weight 

weight 

green 

of  tops 

of  roots 

weight 

(grams) 

(grams) 

(grams) 

1.35 

3.05 

4.40 

5 

2.76 

3.10 

5.86 

7 

3.75 

3.70 

7.45 

7 

3.50 

3.20 

6.70 

8 

3.20 

3.06 

6.26 

8 

1.00 

3.20 

4.20 

3 

3.55 

2.10 

5.65 

7 

1.45 

2.14 

3.59 

4 

5.01 

3.35 

8.36 

8 

Average 
length 

of  roots 
(centi- 
meters) 


N/200  MgCl,-f  N/100  SrCl,. . 
N/200  MgCI.-f  N/500  SrCl,. . 
N/200  MgCl,-f  N/1,000  SrCU. 
N/500  MgCI,+N/500  SrCl,. . 
N/1,000  MgCl«-|-N/500  SrCl,. 

N/100  Sra, 

N/500  Sia, 

N/200  Mga, 

N/1,000  CaCl, 


9 

9 

10 

8 

9 

8 

9 

•7 

10 


The  writer's  experiments  demonstrate  a  definite  antagonistic  action 
between  magnesium  and  strontium.  The  toxicity  is  not  entirely  over- 
come, since  the  growth  in  the  mixed  solutions  is  not  so  extensive  as  in  the 
control,  N/1000  CaClj.  Mutual  antagonism  exists  when  these  bases  are 
present  in  diverse  ratios;  for  example,  it  occurs  in  solutions  made  up  as 
follows:  N/200  MgCU+N/lOO  SrCU  and  N/200  MgCb+N/1000  SrCl,. 
The  greater  growth  occurs  in  the  latter  solution. 

Sodium  and  potassium 
Osterhout  (1909),  in  working  with  wheat,  observed  that  mutual  antag- 
onism exists  between  sodium  and  potassium.    The  data  presented  below 
are  taken  from  one  of  his  tables: 
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TABLE  26. 


Whbat  (Growth  dttbino  Thibtt  Days).    QuANmiEs  Gitkn  abe  Cubic 
Centimxters  of  .12  M  Solutions 


Culiure  solutioii 


AggreiKate 
lengtiiof 

roots 

per  plant 

(millimeters) 


NaCl... 
100  Naa 

lOKCl 
100  NaQ 

35KC1 

35  NaCl 
100  KQ 

KCl 

Distilled  water 


55 

115 

130 

80 

65 
725 


Hansteen  (1909)  found  only  slight  antagonism  between  sodium  and 
potassium  in  distilled  water.    Wheat  was  used  as  the  indicator. 

The  harmful  influences  of  potassium  and  sodium  are  reduced  when  these 
bases  are  combined  even  in  widely  different  ratios.  From  the  experiments 
with  pea  seedlings  it  is  seen  that  a  solution  of  N/500  NaCl  very  slightly 
reduces  the  toxicity  of  N/50  KCL  The  minimum  amount  of  potassium 
that  may  antidote  a  given  amount  of  sodium  was  not  determined,  but 
relatively  dilute  solutions  reduce  the  poisonous  action  of  comparatively 
concentrated  solutions  of  sodium.  The  solutions  used  and  the  data 
obtained  are  given  in  the  following  table: 


TABLE  27. 


ExPBRilcBNT  WITH  Canada  Fibld  Pba.    Dubation,  Twbntt-foub  Datb. 
Data  for  Ten  Plants 


Composition  of  solution 


Green  weight 
of  roots 
(grams) 


Average  length 

of  tops 
(oentimeters) 


Average  length 

of  roots 
(oentimeters) 


N/50  NaCl-f  N/50  KCl. 
N/50  NaCl+N/lOO  KCl 
N/50  NaCl^N/500  KC\ 
N/100  NaCH-N/50  KCl 
N/500  NaCH-N/50  KQ 

N/50  KCl 

N/100  KCi 

N/500  KCi 

N/50  Naa 

N/100  Naa 

N/500  NaCl 

Distilled  water 


6.00 
8.00 

11.00 
6.50 
5.00 
0.75 
5.00 
5.50 

Slight 
4.00 
7.00 
6.00 


4.00 
7.00 
11.00 
4.00 
VeryaUght 
0 

4.00 
4.50 
0 

2.00 
7.00 
6.50 
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ViQ.  8. —  Antidotal  rehUiona  between  todium  and  potaeeium;  dietilled  water  ae  the  eotvent 

47.  N/50  Ka  52.  Di«tilled  water 

48.  N/100  KCl  53.  N/fiO  N«CI+N/50  KCl 
40.  N/fiOO  Ka  51.  N/60  N«CI+N/100  KCl 
60.  N/50  Naa  65.  N/60  NaCI+N/600  KCl 
51.  N/100  N»a  66.  N/100  NaCl+N/60  KCl 

57.  N/500  Naa+N/60  KCl 


A  comparison  of  the  data  in  Table  27  with  those  in  tables  7  and 
10  reveals  the  fact  that  calcium  is  far  more  effective  in  overcoming  the 
harmful  action  of  either  sodium  or  potassium  than  is  any  combination  of  the 
latter.  Both  the  top  and  the  root  growth  are  greater  when  either  of  these 
bases  is  combined  with  calcium  than  when  the  two  bases  arc  combined 
together. 

At  the  close  of  the  experiment  the  color  of  the  tops  in  all  solutions  was 
very  poor.  This  was  no  doubt  due  to  the  absence  of  calcium  from  the 
cultures. 


THE  INFLUENCE  OF  AGE  OF  SEEDLINGS  ON  TOXIC  AND  ANTITOXIC 

RELATIONS 

The  influence  of  age  of  seedlings  on  the  toxicity  of  barium,  sodium, 
strontium,  and  ammonium,  and  the  antidotal  relations  between  calcium  and 
each  of  these  ions,  have  been  studied.  Pea  seedlings  were  grown  for  ten 
days  in  a  full  nutrient  solution.  They  were  then  removed,  carefully 
rinsed  with  distilled  water,  and  placed  in  pure  solutions  of  CaCh  and  in 
solutions  of  CaCla  mixed  with  each  of  the  above  salts.  Twenty  days 
later  the  experiments  were  discontinued.  The  data  in  the  following  para- 
graphs are  obtained  from  seedlings  thus  treated. 
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Calcium  and  barium 


Additional  antidotal  relations  of  calcium  and  barium  with  respect  to 
pea  seedlings  are  summarized  in  the  following  table: 


TABLE  28.    Experiment  with  Canada  Field  Pea.    Dubation,  Thirtt  Datb.    Data 

FOB  Ten  Plants 

Composition  of  solution 

Green 
weight 
of  tops 
(grams) 

Green 
weight 
of  roots 
(grams) 

Total 

green 

weight 

(grams) 

Average 
length 
of  tops 
(centi- 
meters) 

Average 
length 

of  roots 
(centi- 
metera) 

N/10CaCl,+N/100BaCl,... 
N/10  CaCh+N/500  Bad,... 
N/10  CaCU-f  N/1,000  BaCl.. 
N/500  BaCls 

6.20 
5.80 
7.40 
Dead 

4.20 
5.30 

4.20 

4.70 

5.20 

Slight 

2.85 
3.45 

9.40 
10.50 
12.60 

7.05 
8.75 

13.0 
11.0 
13.0 
Very  sli^t 
growth 
17,0 
10.0 

8.0 
9.0 
8.5 
Very  slight 
growth 
7.0 

N/1.000  BaCh 

Distilled  water 

6.0 

A  comparison  of  the  data  presented  in  tables  17  and  28  reveals  the  fact 
that  older  seedlings  are  far  more  resistant  to  barium  ions.  It  may  be 
cited,  for  example,  that  N/40(X)  BaCU  prevents  further  elongation  of  the 
roots  of  young  seedlings,  whereas  N/500  is  required  to  kill  older  seedlings. 
The  gceater  resistance  may  be  due  to  mass  relations;  that  is,  the  salts  taken 
up  from  the  nutrient  solution  may  prevent  the  entrance  of  barium  ions 
from  the  weaker  solutions.  Again,  the  more  nearly  complete  migration 
of  the  storage  products  from  the  seed  to  the  root  may  react  in  like  manner. 
Furthermore,  the  permeability  of  the  cell  membrane  may  be  altered  and 
thus  the  entrance  of  the  toxic  ions  may  be  retarded.  The  first  postula- 
tion  is  unlikely,  as  the  writer  has  found  from  several  sets  of  experiments 
that  seedlings  which  have  been  grown  for  ten  days  in  distilled  water  are 
apparently  no  more  susceptible  to  toxic  ions  than  are  those  grown  for 
the  same  length  of  time  in  full  nutrient  solution. 

Stronger  solutions  of  barium  are  required  to  exert  toxic  action  toward 
older  seedlings;  but  in  this  case  also  calcium  is  effective  in  preventing  the 
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injurious  action.    When  N/10  CaClj  is  present  in  solution  with  either 
N/100,  N/500,  or  N/1000  BaCI,,  no  mjury  results. 

Calcium  and  sodium 

The  results  obtained  from  further  studies  of  the  relations  betwe^i  cal- 
cium and  sodium  are  similar  to  those  just  discussed.  Older  seedlings  are 
more  tolerant  of  sodium  ions  than  are  younger  ones.  Seedlings  taken 
from  the  germinating  pan  and  placed  directly  in  N/100  NaCl  soon  perish. 
On  the  other  hand,  those  that  are  grown  for  ten  days  in  a  full  nutrient 
solution  withstand  any  solutions  weaker  than  N/20.  Calcium  chlorid  of 
N/10  concentration  prevents  injury  from  N/20  NaCl.  The  data  obtained 
appear  in  Table  29: 


TABLE  29. 


EXPBRIMSNT  WITH  PSA  SbBDUNGS.     DuBATION,  THntTT  DaTB. 

Ten  Plants 


Data  pob 


Compodtion  of  Bolution 


Green 
weight 
of  tops 
(grama) 


Green  weight 
of  roots 
(grams) 


Average 
length 
of  tops 
(centi- 
meters) 


Average 
length 
of  roots 

(centi- 
meters) 


N/10  CaCl.  +N/20  NaCl . 
N/10  Caa,  -f-N/100  NaCl 
N/10  CaCl,  +N/500  NaCl 
N/10  NaCl... 

N/20  NaCl 

N/100  NaCl 

N/500  NaCl 

N/10  Caa. 

Distilled  water 

Nutrient  solution 


6.85 

7.14 

8.18 

No  growth 

Dead 

5.00 
4.60 
7.90 
5.30 
12.40 


6.65 
6.37 
7.37 

Weight  not 
taken 

Weight  not 
taken 
4.00 
4.25 
6.00 
3.45 
8.25 


15.0 
13.0 
15.0 


Slight  growth 
9.5 
10.0 
17.0 
10.0 
15.0 


9.0 
8.0 
8.0 


7.5 
8.0 
7.0 
6.0 
10.0 


Calcium  and  strontium 

Older  seedlings  are  also  more  resistant  to  strontium  ions  than  are  younger 
seedlings.  Calcium  is  effective  in  preventing  this  deleterious  action, 
since  no  injury  results  in  solutions  composed  of  N/100  CaClt+N/50 
SrClj.    The  essential  data  are  set  forth  in  the  following  table: 
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Canada  Field  Pba. 
FOR  Ten  Plamtb 


DuBATioN,  TmBTT  Datb.    Data 


Compoeition  of  solution 


Green 
weight 
of  tope 
(grams) 


Green 
weight 
of  roots 
(grams) 


Total 

green 

weight 

(grams) 


Average 
length 
of  tope 
(centi- 
meters) 


Average 


of  roots 
(oenti- 
meters) 


N/lOCaCU+N/SOSrCl,. 
N/10  CaCl,+N/100  SrCl. 
N/10  CaCU-hN/500  SrCl, 
N/100  CaCl,+N/50  SrCl, 
N/50  SrCl, 

N/100  Sra, 

N/500  SrCU 

N/lOCaCl, 

Distilled  water 

Full  nutrient  solution 


7.50 
9.00 
7.64 
6.36 
Dead,  weight 

not  given 

Dead,  weight 

not  given 

6.50 

9.76 

6.40 

10.40 


7.30 
6.90 
6.75 
4.45 

4.46 

6.60 
4.27 
6.00 
3.65 
8.65 


14.80 

14.90 

13.39 

9.81 


9.77 
16.75 

8.96 
19.05 


15 
16 
16 
12 


7 
11 
17 
10 
16 


9 
8 
7 
8 

11 

II 
8 
7 
6 

10 


Calcium  and  ammonium 

Seedlings  that  have  been  grown  for  ten  days  ux  full  nutrient  solutions  are 
also  more  resistant  to  anunonium  than  are  those  taken  from  the  germi- 
nating pan  and  placed  directly  in  the  solutions.  N/100  NH4CI  is  the 
weakest  solution  that  is  toxic  in  the  former  case  and  N/3000  to  N/4000 
in  the  latter.  The  toxicity  of  either  N/25  or  N/100  NH4CI  is  reduced  by 
the  presence  of  N/10  CaClf  The  results  obtained  appear  in  the  following 
table: 


TABLE  31. 


Experiment  with  Canada  Field  Pea.    Dubation,  Thirtt  Datb.    Data 
FOR  Ten  Plants 


Compoeition  of  solution 


Total 

green  weight 

(grams) 


Average  length 

of  tops 
(centimeters) 


Average  length 

of  roots 
(oentimeters) 


N/10  CaCl«+N/25  NH4CI. 

N/10  CaCl«+N/100  NH4CI 
N/10  CaCl«+N/500  NH4CI 

N/lOCaCI, 

N/25NH4CI 

N/100  NHiCl 

Distilled  water 


Weight  not 

taken 

12.21 

16.35 

•18.8S 

13.35 
11.95 


13 

18 
22 
24 
Dead 
12 
14 


Dead  after  ten 
days 

8 

7 
11 

7 
8 
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'   discussion 

The  reports  of  favorable  results  from  the  application  of  lime  to  various 
types  of  soil  require  only  the  briefest  consideration  here,  since  in  this 
report  only  antagonistic  phenomena  are  referred  to.  In  soil  studies 
the  factors  and  relations  are  complex,  and  it  is  often  difficult,  if  not  im- 
possible, to  evaluate  carefully  the  antagonistic  features.  Leaving  out  of 
consideration  the  effects  of  liming  on  acidity,  its  relation  to  nitrogen 
fixation  and  to  toxic  organic  constituents  of  the  soil,  and  the  like,  there 
r^nains  the  fact  that  the  addition  of  lime  compounds,  both  alone  and  in 
conjunction  with  other  fertilizers,  has  resulted  in  marked  increases  in 
yield.  The  injurious  ^tion  resulting  when  unbalanced  conditions  pre- 
vail, and  the  importance  of  calcium  in  correcting  this  action,  make  it 
probable  that  in  many  cases  the  beneficial  effects  obtained  from  calcium 
compounds  are  due  to  antagonistic  relations.  In  any  event  the  general 
trend  of  results  indicates  that  where  any  single  fertilizer  has  proved 
injurious  it  would  be  well  to  apply  a  calcium  compoimd,  at  least  in  limited 
quantity. 

It  is  not  proposed  to  discuss  in  detail  the  views  regarding  the  causes 
of  antagonistic  action,  but  some  reference  has  already  been  made  to  the 
"  calcium-protein  "  theory  of  Loew  (1892  a).  Mention  should  likewise  be 
made  of  some  subsequent  papers.  Loeb  (1905  a)  developed  further  the 
conception  of  ion  protein  compounds  in  explaining  certain  aspects  of 
antagonistic  action.  With  the  development  of  colloidal  chemistry  and 
the  discovery  of  antagonistic  action  with  respect  to  the  action  of  salts  on 
proteins,  new  possibilities  became  apparent.  By  employing  plasmol3rtic 
methods  Osterhout  (1911)  finds  that  t^e  mechanism  of  antagonistic  action 
may  depend  largely  on  the  mutual  action  of  the  antagonistic  salts  in  pre- 
venting each  other  from  entering,  but  there  must  also  be  taken  into  account 
their  effect  on  the  protoplasm.  Later  (1912)  he  confirms  this  statement. 
Loeb  (1911)  concludes  that  "  the  r61e  of  salts  in  the  preservation  of  life 
consists  in  the  '  tanning '  effect  which  they  have  upon  the  surface  films 
of  the  cells,  whereby  these  films  acquire  those  physical  qualities  of  dura- 
bility and  comparative  impermeability,  without  which  the  cell  cannot 
exist."  On  the  otJier  hand.  True  and  Bartlett  (1912)  submit  evidence 
from  electroljrtic  conductivity  determinations  indicating  that  it  is  not 
merely  the  endosmosis  of  solutes,  but  likewise  the  exosmosis  of  solutes, 
which  is  affected  by  concentration  and  relation  of  the  salts.    The  writer 
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has  made   some  experiments  which  show  that  the  p^meability  of  tiie 
cell  is  altered,  the  data  of  which  are  reserved  for  future  consideration. 

SUMMARY 

The  results  of  extensive  studies  of  the  toxic  and  the  antidotal  action 
of  various  ions  have  been  presented.  A  general  summary  of  these  results 
appears  below: 

Pure  solutions  of  N/500  MgCl2  or  MgS04  prevent  further  elongation 
of  roots  of  seedlings.  The  toxicity  of  this  cation  is  prevented  by  calcium 
in  cultures  composed  of  N/20  CaCU  with  N/20  or  any  greater  dilution  of 
MgCU;  and  N/1000  CaClj  is  effective  with  N/200  MgCU,  but  not  with 
N/20  MgCU.  N/60  MgCU  or  higher  concentratfons  are  toxic  in  a  dilute 
full  nutrient  solution.  The  further  addition  of  CaCU  counteracts  this 
injurious  action. 

Mutual  antagonism  exists  for  wheat  seedlings  when  N/50  ECl  is  present 
in  solution  with  N/100  to  N/1000  MgCU.  N/1000  KCl  likewise 
counteracts  the  toxicity  of  N/500  MgCU. 

The  sodium  and  magnesiimi  relations  are  similar  to  those  of  potassium 
and  magnesiimi;  however,  sodium  is  not  so  effective  ^as  potassium  in 
antidoting  the  magnesium  ion. 

No  elongation  of  roots  of  pea  seedlings  takes  place  in  N/20  KCl;  but 
the  presence  of  CaCU  at  a  concentration  of  N/20  to  N/500  completely 
counteracts  this  deleterious  action. 

Very  dilute  solutions  of  calcium  are  effective  in  overcoming  the  poison- 
ous action  of  sodium.  N/5000  CaCU,  for  example,  prevents  injury  by 
N/50  NaCl,  and  this  ratio  is  ahnost  as  effective  as  when  N/20  CaClj  is 
used  with  N/50  NaCl. 

N/4000  NH4CI  is  toxic  to  pea  and  wheat  seedlings,  the  elongation  of 
roots  being  less  than  in  distilled  water.  The  presence  of  N/5000  CaCli 
in  solution  with  N/1000  NH4CI  greatly  lowers  the  harmful  action  of 
ammonium  ions.  No  injury  results  to  pea  seedlings  placed  in  cultures 
composed  of  N/20  CaCl,  +  N/100  NH4CI. 

Salts  of  ammonium  in  a  full  nutrient  solution  are  far  less  toxic  than  in 
distilled  water.  N/100  NH4CI  is  only  slightly  injurious  with  the  nutrient 
solution  employed,  but  with  N/25  death  of  seedlings  soon  results.  The 
further  addition  of  CaCU  so  that  its  concentration  becomes  N/25  or 
N/100  entirely  counteracts  the  toxicity  in  the  one  case  and  decreases 
the  injury  in  the  other. 


Digitized 


by  Google 


Antitoxic  Action  of  Certain  Bases  785 

As  contrasted  with  their  independent  action,  the  poisonous  action  of 
sodium  and  ammonium  ions  is  greatly  decreased  when  present  together  in 
solution.  This  holds  when  N/50  NaCl  is  combined  with  N/100  to  N/1000 
NH4CI,  and  also  when  N/1000  NH4CI  is  combuxed  with  N/100  to  N/1000 
NaCl. 

Barium  ions  are  very  toxic,  the  elongation  of  roots  of  pea  seedlings 
in  N/4000  BaCU  being  only  about  two  centimeters.  These  ions  are 
rendered  innocuous  by  calcium,  since  growth  of  seedlings  is  not  retarded 
when  placed  in  culture  solutions  composed  of  N/20  CaCU  +  N/250  BaCU. 

Magnesium  and  potassium  ions  also  are  fairly  effective  antidotes  for 
barium.  On  the  other  hand,  barium  is  a  powerful  antidote  for  magnesium 
and  potassium.  Thus,  the  toxicity  of  N/800  MgCU  is  prevented  by 
the  presence  of  N/6000  BaCU;  the  deleterious  action  of  N/25  KCl  is 
overcome  by  N/2000  BaCU  and  N/1000  CaCU  (N/1000  CaCU  bemg 
the  solvent). 

Pure  solutions  of  strontium,  even  when  very  dilute,  retard  the  growth 
of  seedlings.  Calcium,  potassium,  sodimn,  and  magnesium  each  reduces 
the  deleterious  action  of  strontium.  Strontium,  although  present  in 
relatively  high  dilution,  is  effective  in  reducing  the  toxicity  of  either 
potassium,  sodium,  or  magnesium  ions. 

Mutual  antagonism  results  when  potassium  and  sodium  ions  are  present 
together  in  solution.  Greater  development  of  seedlings  takes  place  in  a 
solution  composed  of  N/500  KCl  +  N/50  NaCl  than  in  one  composed 
of  N/50  KCl  +  N/500  NaCl,  thus  showing  that  potassium  is  a  more 
effective  antidote  for  sodium  than  sodiimi  is  for  potassium. 

The  results  obtained  from  the  studies  of  the  influence  of  age  of  seedlings 
on  toxic  and  antitoxic  action  show  in  general  that  older  seedlings  are  far 
more  resistant  than  yoimger  ones  to  the  toxicity  of  either  barium,  sodium, 
strontium,  or  ammonium  ions,  and  furthermore  that  calcium  is  effective 
in  coimteracting  the  toxicity  of  these  ions. 

CONCLUSIONS 

The  chief  conclusions  to  be  derived  from  these  experiments  are  as 
follows: 

1.  Each  of  the  following  (in  the  order  given)  is  poisonous  to  seedlings: 
Ba,  Sr,  NHi,  Mg,  Na,  K. 
59 
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2.  Although  mutual  antagonism  results  when  cations  are  present  together 
in  solution  as  follows: 

Mg  and  Sr  Na  and  E 

K  and  Sr  Na  and  NH| 

Na  and  Sr  K  and  Ba 
Mg  and  Ba 

yet  calcium  is  the  most  effective  of  any  of  the  substances  studied,  in 
preventing  toxic  actipn. 

3.  Protective  action  is  not  confined  to  the  so-called  essential  nutrients, 
since,  as  indicated  above,  Na,  Sr,  and  Ba  (the  nonessential  ions  among 
those  here  discussed)  possess  this  property. 

4.  The  favorable  results  obtained  from  the  application  of  lime  to  many 
types  of  soils  is  doubtless  due  in  part  to  the  antidotal  relations. 
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THE  ACTION  OF  CERTAIN  NUTRIENT  AND  NON-NUTRIENT 
BASES  ON  PLANT  GROWTH  — II 

THE  TOXICITY  OF  MANGANESE  AND  THE  ANTIDOTAL  RELATIONS 
BETWEEN  THIS  AND  VARIOUS  OTHER  CATIONS  WITH  RESPECT  TO 
GREEN  PLANTS  ♦ 

M.  M.  McCooL 
(Received  for  pvblicaiion  July  1,  1912) 

Manganese  is  widely  distributed  in  nature.  It  occurs  in  various  soil 
types,  in  some  instances  in  sufScient  amount  to  be  injurious  to  certain 
crops.  It  is  likewise  present  in  a  variety  of  plants.  The  r61e  of  man- 
ganese in  plant  nutrition  is  not  clearly  imderstood,  but  the  metal  is  con- 
sidered to  be  of  importance  in  connection  with  the  oxidizing  enzymes. 
The  salts  of  manganese  have  been  shown  to  have  a  stimulating  action  on 
plants  when  applied  to  soils  in  small  quantities;  but  in  larger  quantities  the 
effect  is  of  course  detrimental. 

The  studies  that  are  included  in  this  report  consider  two  chief  relations: 
(1)  t^e  toxicity  of  manganese  in  distilled  water,  in  full  nutrient  solution, 
and  in  soil  cultures;  and  (2)  the  antidotal  relations  that  exist  between 
manganese  and  each  of  the  bases  calcium,  potassium,  sodium,  and  mag- 
nesiiun. 

OCCTJBBENCE   OF  MANGANESE  IN  SOILS 

As  stated  above,  manganese  occurs  in  various  soil  types.  Fertile  soils 
as  a  rule  contain  less  than  one  per  cent  of  this  element  reckoned  as  oxid. 
The  followhxg  table  from  Wolff  (1870-1880)  is  cited  in  order  to  indicate  in 
general  the  amounts  of  manganese  and  iron  foimd  in  soils: 


Kind  of  BoU 

Percentage 
of  Mnf04 

Percentage 
of  Fe/). 

Loam 

.136 
.180 
.080 
.042 

2.096 

Clay 

3.173 

Sand 

1.039 

Htunus 

0.406 

*  Laboratory  of  Plant  Physiology,  Cornell  University.  Contribution  No.  10. 
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Leclerc  (1872)  found  small  amounts  of  this  element  in  the  various  soils 
that  he  studied,  and  recent  work  has  shown  that  some  types  of  soil  contain 
imusually  large  quantities.  The  data  for  soils  from  certain  sections  of 
Hawaii  are  particularly  significant,  as  the  following  table  from  Kelley 
(1908),  for  black  soils  of  the  Wahiawa  district,  indicates: 


Percentage 


Volatile  matter. 

MnX)4 

FeiOt 

A1,0. 

K/) 

CaO 

PiOb 


17.70 
9.74 
19.05 
15.60 
0.83 
1.39 
0.21 


OCCURRENCE  OF  MANGANESE  IN  PLANTS 

The  earliest  report  of  the  existence  of  manganese  in  plants  which  the 
writer  has  been  able  to  obtain  is  that  of  Heropath,  which  Rousset  (1909) 
cites.  Heropath  found  this  element  in  the  ash  of  radish,  beet,  and 
carrot.  Liebig  (1861)  reported  the  presence  of  manganese  in  tea.  Leclerc 
(1872)  concluded  from  his  analyses  that  manganese  occurs  in  most  species  of 
plants,  the  percentage  being  rather  high  in  forest  trees.  Wolff  (1870-1880) 
also  reports  analyses  which  show  that  manganese  is  present  in  the  wood, 
bark,  and  leaves  of  various  forest  trees.  Maiunen^  (1884)  foimd  that  no 
trace  of  manganese  occiu^  in  the  parenchymatous  tissue  of  cabbage 
leaves,  but  the  veins  contain  relatively  large  quantities. 

The  analyses  of  Pichard  (1898)  likewise  reveal  a  wide  distribution  of 
manganese  in  seed  plants.  The  leaves,  actively  growing  parts,  and  repro- 
ductive organs  contain  the  greatest  amount. 

THE  r6lE   of  MANGANESE 

The  r61e  of  manganese  in  plant  nutrition  is  not  fully  imderstood,  but  the 
researches  of  Bertrand  (1897)  established  the  fact  that  it  is  important  in 
the  action  of  the  oxidases.  Bertrand  analyzed  the  ash  of  the  oxidase- 
containing  material  obtained  from  different  samples  of  laccase,  and  found 
the  percentage  of  manganese  to  be  rather  high.    He  studied  the  oxidizing 
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power  in  these  samples  toward  hydroquinone,  showing  that  this  power 
varied  with  the  amount  of  manganese  present.  He  then  extracted  the 
so-called  laccase  from  lucem,  at  the  time  of  flowering,  and  found  the 
amount  of  manganese  present  to  be  very  slight.  The  samples  did  not 
oxidize  hydroquinone.  When  small  amounts  of  manganese  were  added 
oxidation  took  place.  Bertrand's  results  with  the  lucem  extract  are  as 
follows: 


Exporiment 

Material  tested 

0.  absorbed 

(cubic 
centimeters) 

1 

Check,  manganese  alone 

0.3 

2 

Liaocase  of  lucern 

0.2 

3 

6.3 

When  the  manganese  was  replaced  by  other  metals,  such  as  Fe,  Al,  Sn, 
Zn,  Cu,  Mg,  and  K,  the  amount  of  oxygen  absorbed  was  in  no  case  greater 
than  a  few  tenths  of  a  cubic  centimeter. 

Bertrand  states  further  that  all  manganous  salts  are  capable  of  oxidizing 
hydroquinone,  pyrogallol,  paramidophenol,  guaiac,  and  related  com- 
pounds. His  experiments  with  the  action  of  manganese  salts  on  these 
compoimds  lead  to  the  conception  of  oxidases  as  special  combinations  of 
manganese.  In  this  conception  the  manganese  would  be  the  real  active 
agent,  which  functions  as  an  activator  and  a  carrier  of  oxygen. 

Voelcker  (1903)  observed  a  deeper  green  color  in  the  tops  of  wheat 
grown  in  ctiltures  to  which  small  amounts  of  manganese  chlorid  were  added. 

Trillat  (1904)  found  that  the  addition  of  manganese  to  oxidases  results 
in  greater  activity  of  these  so-called  enzymes. 

Stoklasa  (1911)  considers  manganese  and  aluminium  to  be  important  in 
photosynthesis,  since  they  collect  mainly  in  the  leaves  of  plants. 

There  are  numerous  reports  indicating  that  manganese  may  act  as  a 
stimulant  when  applied  to  soils  in  small  amounts  or  when  present  in  solu- 
tion cultures. 

Voelcker  (1903)  reported  that  in  1902  the  addition  of  various  salts  of 
manganese  to  pots  of  soil  resulted  in  some  cases  in  a  slight  increase  in 
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yield  of  wheat  over  iixe  product  in  control  cultures.  Pots  of  soil  were 
treated  with  manganese  oxids  (MnOs  and  Mn^OO,  chlorid,  iodid,  carbonate, 
sulfate,  phosphate,  and  nitrate,  at  the  rate  of  two  hundred  pounds  per 
acre.  Increase  in  yield  was  obtained  from  cultures  fertilized  with  phos- 
phate, chlorid,  sulfate,  and  the  oxid  Mn304.  Parallel  experiments  w&ce 
run  with  barley.  The  oxids  caused  no  increase  in  yield;  all  other  salts  of 
manganese  resulted  in  a  correspondingly  greater  increase  in  yield  of  bariey 
than  of  wheat. 

The  studies  were  continued  in  1903  (1904),  when  again  the  oxids  of 
manganese  applied  to  pots  of  soil  at  the  rate  of  two  hundred  poimds  per 
acre  showed  a  beneficial  influence  on  wheat;  while  with  barley  it  was  again 
found  that  the  oxids  of  manganese  do  not  produce  stimulation. 

Loew  and  Honda  (1904)  transferred  seedlings  of  Cryptameria  japonica 
from  the  forest  to  frames  of  soil.  Small  doses  of  MnS04  were  added  to  the 
soil,  monthly  from  May  to  November  inclusive,  for  two  yeaxB.  The  man- 
ganese acted  as  a  stunulant,  causmg  an  appreciable  gain  in  height  and 
total  weight  of  the  trees  over  those  grown  in  the  control  frames. 

Two  plots  in  a  paddy  field,  each  of  thirty  square  meters,  were  treated 
with  a  general  fertilizer  by  Aso  (1904).  To  one  was  applied  in  addition 
two  hundred  grams  of  MnCls.  Rice  plants  were  transferred  to  each  plot. 
Taking  the  3rield  of  the  control  plot  as  a  unit,  the  results  obtained  from  the 
plot  treated  with  manganese  were  as  follows: 

Total  yield 1.42 

Straw 1 .48 

Full  grains 1 .36 

Full  grains  (husked) 1 .30 

The  results  show  an  increase  in  the  grain  of  approximately  one  third,  by 
an  application  of  manganese.  In  order  to  be  able  to  draw  definite  con- 
clusions from  field  work,  it  seems  that  more  plots  should  be  used  in  the 
experiments. 

Flax  was  grown  by  Fukutome  (1908)  in  pots  containing  eight  kilograms 
of  soil.  Each  pot  received  a  general  fertilizer  as  follows:  16  grams  s  per- 
phosphate,  10  grams  K2SO4,  8  grams  (NH4)s  SO4,  and  8  grams  NaNO|. 
The  pots  were  then  treated  with  special  fertilizers.  The  special  fertilizers 
and  the  results  obtained  are  indicated  in  the  following  table: 
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Pot 


1 

2 

' { 

4 


Special  fertiliser 


Control 

.4  gram  Mna.+4  H,0. . 
.4  gram  MdC1«+4  H/)  \ 
.4  gram  FeS04+7  H,0  / 
.4gramFeSO«+7H/)... 


Weight 

of  plaiits, 

air-dry 

(grams) 


10.5 
10.7 

12.9 

11.6 


The  manganese  and  the  iron  when  used  alone  each  causes  a  small  increase 
in  product,  but  when  combined  t^e  increase  is  marked. 

Namba  (1908)  found  that  the  addition  of  manganese  sulfate  as  a  top- 
dressing  to  pots  of  onions  containing  eight  kilograms  of  soil  results  in 
stimulation.  The  application  of  greater  amounts  than  .1  gram  MnS04 
causes  a  decrease  in  stimulating  effect. 

Loew  (1904)  found  from  experiments  with  pot  cultures  of  soil  that 
manganese  stimulates  the  growth  of  oats,  tobacco,  and  peas.  He  found 
also  that  the  treatment  of  plots  of  soil  with  small  quantities  of  manga- 
nese stimulates  the  growth  of  radishes,  potato,  and  millet.  Manganese 
is  more  effective  when  applied  as  a  top-dressing  than  when  mixed  with 
the  soil.  It  is  also  better  to  apply  the  manganese  as  several  top-dressings 
than  to  apply  all  in  one  dose. 

Bertrand  (1905)  applied  manganese  sulfate  to  a  field  of  oats  at  the  rate 
of  fifty  kilograms  per  hectare.  Appreciable  stimulation  resulted.  The 
gain  in  the  total  crop  was  22J  per  cent.  Bertrand  considers  the  action 
of  the  manganese  to  be  catalytic. 

Labergerie  (1908)  conducted  experiments  using  manganese  as  a  fertilizer 
for  wheat.    His  results  have  been  reported  as  follows: 

''  In  case  of  wheat  on  dry  sandy  soil  containing  small  amounts  of  lime 
both  the  chlorid  and  the  sulphate  increased  the  yield.  On  a  more  moist 
soil  the  chlorid  decreased  the  yield  slightly  and  the  sulphate  caused  a 
small  increase.    In  all  cases  the  sulphate  was  more  effective  than  the 

chlorid,  but  both  were  less  effective  on  yret  soil  than  on  dry 

The  manganese  salts  were  applied  at  the  rate  of  22.27  lbs.  of  manganese 
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oxid  per  acre  by  dissolving  in  a  considerable  volume  of  water  and  sprinkling 
on  the  soil." 

Experiments  conducted  by  Stoklasa  (1911)  show  that  manganese  and 
aluminium,  when  present  in  small  quantities  in  nutrient  solution,  each 
stimulates  several  species  of  plants.  Stoklasa  is  of  the  opinion  that  these 
elements  are  of  importance  in  photosynthesis,  inasmuch  as  they  collect 
mainly  in  the  leaves.  Further,  the  presence  of  these  elements  in  the 
culture  solution  results  in  the  formation  of  larger  leaves. 

The  nutrient  solution  employed  was  made  up  as  follows: 

K1SO4 1 .  00  gram 

MgCli 0 .  50  gram 

•  NaNOs 0.50  gram 

FeS04 0.01  gram 

CaS04 0.06  gram 

Distilled  water 1       liter 

The  addition  of  2/1000  or  3/1000  atomic  weight  of  either  alimiinium 
or  manganese  to  one  liter  of  nutrient  solution  causes  toxic  action.  The 
addition  of  1/1000  atomic  weight  of  either  element  results  in  stimulation; 
the  stimulation  is  greater  when  1/2000  atomic  weight  of  both  aluminium 
and  manganese  are  added  to  the  nutrient  solution  than  when  the  same 
concentration  of  either  element  is  added  alone.  Stoklasa's  results  are  as 
follows: 


Composition  of  solution 

Dry  weight  of  ten  plants  (in  grams) 

Wheat 

Rye 

Oats 

Bariey 

Buck- 
wheat 

Nutrient  solution .  r  r .,,..- ,  - 

53.8 
56.1 
55.9 

60.0 
62.8 
59.8 

82.2 

78.8 
80.9 
82.1 

65.2 
86.0 
85.8 

93.6 

66.2 
68.0 
68.6 

60.9 
70.0 
71.3 

78.6 

62.3 
67.1 
68.8 

61.3 
75.2 
72.8 

89.4 

15.8 

Nutrient  solution +1/1 ,000  at.  wt.*Al 

Nutrient  solution+l/l.OOO  at.  wt.  Mn 

Nutrient  6ohition+l/l,000  at.  wt.  A1+  \ 

1/1,000  at.  wt.  Mn  /  . . 

Nutrient  solution +1/2,000  at.  wt.  Mn 

Nutrient  solution+ 1/2,000  at.  wt.  Al 

Nutrient  solution+ 1/2,000  at.  wt.  Mn+  \ 

1/2,000  at.  wt.   Al     /  . 

20.2 
20.3 

11.8 
21.4 
21.1 

26.9 
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Sulfate  of  aluminium  and  manganese  were  used  in  the  above  experi- 
ments. The  results  were  similar,  however,  when  either  chlorids,  nitrates, 
or  sulfates  were  employed. 

McCallum  (1909)  reports  that  the  treatment  of  seed  potatoes  with 
manganese  chlorid  before  planting  accelerates  the  formation  of  tubers. 
The  foliage  is  not  influenced  by  this  treatment. 

Brenchley  (1910)  grew  barley  to  maturity  in  nutrient  solutions  to 
which  varying  amounts  of  manganese  sulfate  were  added.  The  full 
nutrient  solution  was  made  up  as  follows: 

KNO, 0.50  gram 

KH,P04 0.26  gram 

MgS04. 0.25  gram 

CaS04 0.25  gram 

NaCl 0. 10  gram 

FeCU Trace 

Distilled  water 1,000  cubic  centimeters 

The  cultures  employed  and  the  dry  weights  obtained  are  given  in  the 
following  table: 


Culture 


Relation  of  MnS04  to 
amount  of  solution 


Weight 

Weight 

Weight 

of 

of 

of 

shoots 

roots 

gram 

(grams) 

(grams) 

(grams) 

26.7 

4.4 

3.8 

37.! 

5.0 

6.0 

40.5 

5.9 

1.7 

47.9 

5.8 

4.6 

45.9 

6.6 

6.4 

39.1 

6.3 

7.4 

Total 
weight 
(grams) 


1 
2 
3 
4 
5 
6 


1  to  1,000 

1  to  100.000. . . 
1  to  1,000,000.. 
1  to  5,000,000. . 
1  to  10,000,000 
Control 


34.9 
48.1 
48.1 
58.3 
58.9 
52.8 


At  the  time  of  harvest  the  seeds  were  ripe  in  culture  3.  In  culture  2 
some  seeds  were  ripe,  others  were  partially  ripe,  and  some  were  green. 
Brenchley 's  conclusions  from  these  experiments  are: 

"  1.  The  higher  concentrations  of  manganese  sulphate  have  a  decided 
retarding  effect  upon  the  ripening  of  the  grain. 
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**2.  While  itfong  •oiutaoiis  of  nmngmfwe  wilplwBtr  exert  m  tane  io- 
fluoiee  tqxNi  the  growth  of  bsriey,  very  <libite  aohitioiis  ha¥«  a  definite 
Btinxtihitiye  effect/' 

In  MKither  Mries  repcHted  by  Brenchley,  the  notrient  acrfutian 
employed  wtm  about  twice  as  concentrated  as  thai  in  the  former  experi- 
ment (unfortonately  the  exact  concentraticm  was  not  repcHted).  In  the 
stronger  nutrient  sohttion  the  presence  erf  manganese  in  the  proportion 
of  1  part  per  10,000  of  nutrimt  sohttion  resulted  in  stimulataoii,  the 
tozietty  of  the  mangmeae  bdng  thus  reduced. 

EXPEBnCEHTAL  8TC7DIBB 

The  writer  has  made  eiqieriments  with  manganese  fmn  time  to  time 
since  the  autumn  of  1010.  The  results  of  these  eiqieriments  are  presented 
in  this  bulletin*    The  studies  may  be  grouped  as  follows: 

L  The  toxicity  of  manganese  in  (A)  distilled  water,  (B)  full  nutriont 
solution,  and  (C)  soil  cultures;  and  (D)  the  relaticm  of  inevious  conditions 
of  growth  to  toxicity. 

IL  The  influence  of  lig^t  on  toxicity  of  manganese. 

III.  The  antidotal  relations  that  exist  between  manganese  and  each 
of  the  minerals  calcium,  potassium,  sodium,  and  magnesium. 

Generally  Canada  field  pea  seedlings  were  employed,  but  in  some 
cases,  specially  mentioned,  wheat  seedlings  also  were  used  as  indicators. 
Tbemimipulationand  the  method  of  experiment,  unless  otherwise  q)ecified 
were  the  same  as  those  described  previously. 

Toxicity  of  manganese 

Many  substances  at  high  dilution  have  a  stimulating  action  toward 
green  plants,  but  at  higher  concentrations  may  be  poisonous.  Manganese 
belongs  to  this  class  of  substances. 

Manganese  saUe  in  distiUed  water. —  The  soluble  salts  of  manganese 
in  distilled  water  are,  of  course,  more  toxic  to  Canada  field  pea  seedlings 
than  is  any  nutrient  salt.  A  solution  of  N/4000  MnCls  is  injurious,  and 
N/2000  MnClf  prevents  root  growth  entirely.  The  data  presented 
below  were  obtained  from  pea  seedlings  placed  in  pure  solutions  of  manga- 
chlorid: 
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TABLE   1.     EXPERIMXNT  CONTIKUBO  FOR  FiTS  DaT8.      DaTA  FOR  TkN  PlANTB 


Compoeitioii  of  sdutioii 


Average 

length 

of  tope 

(centimeters) 


Average 

length 

of  roots 

(centimeters) 


N/2,000  Mna,. 
N/3,000  Mna«. 
N/4,000  MnCl.. 
N/10,000  MnCl 
DistiUed  water. 


0 

0 

2.5 

3.5 

3.0 


From  the  above  taWe  it  is  seen  that  a  solution  of  N/3000  MnCU  pre- 
vents root  growth,  and  that  N/4000  represents  the  greatest  dilution 
causing  injury  during  the  five-days  exposure. 

Manganese  salts  in  fvU  nutrient  solution. —  The  poisonous  action  of 
manganese  toward  pea  seedlings  is  greatly  reduced  when  the  solvent  is 
a  nutrient  solution.  A  number  of  cultures  were  set  up,  in  which 
nutrient  solutions  were  made  as  follows:* 


Ca(NO,), 4.0 


KHtP04 1.0 

KNO, 1.0 

MgS04 1.0 

KCl 0.6 

FeCU 0.1 

Distilled  water 3.0 

In  the  above  nutrient  solution  the  lethal  concentration  of  manganese 
chlorid  is  four  hundred  times  as  strong  as  in  distilled  water. 


grams 

gram 

gram 

gram 

gram 

gram 

liters 


TABLE  2. 


EXPBRIMBNT   IK    FULL   NUTRIBNT   SOLUTION,   CONTINUED   FOB   ThIRTT   DaTS. 

Data  for  Ten  Plants 


Composition  of  solution 


Green  weight 
of  tops 
(grams) 


Average  length 

of  tops 
(centimeters) 


Average  length 

of  roots 
(centimeters) 


N/4  MnCl, 

N/5  MnCl. 

N/10  MnCl, 

N/20  MnCl. 

N/60  Mna, 

N/100  MnCl,. . . . 
N/200  MnCl,. . . . 
N/500  Mna,. . . . 
Nutrient  solution. 


0 
0 

0.64 
0.85 
1.60 
2.20 
3.20 
7.20 
10.40 


0 
0 

0.5 
1.0 
1.0 
3.0 
6.0 
14.0 
13.0 


0 

0 

5.0 

8,0 
15.0 
13.0 
13.0 
12.0 
10.0 


*  All  full  nutrieDt  solutioni  employed  in  the  experimente  that  follow,  unleie  otherwise  indicated,  were 
oompoeed  as  given  here. 
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A  study  of  the  preceding  table  and  of  Pig.  9  reveals  some  interesting  and 
unusual  phenomena.    The  top  growth  of  the  seedlings  amounts  to  only 

one  centimeter  in  N/50  MnCU,  nutrient 
solution  being  the  solvent.  In  N/200  the 
length  of  stems  is  reduced  one  half,  whereas 
the  length  of  roots  in  N/50  is  greater  than 
in  the  control.  The  main  roots  are  longer, 
but  the  laterals  are  shorter  and  less  numerous, 
than  those  on  the  control  plants.  The 
presence  of  N/100  MnCli  has  very  little 
influence  on  the  root  development. 

Chlorosis  of  the  leaves  is  the  first  indi- 
cation of  an  overdose  of  manganese.  The 
stem  and  leaf  development  of  seedlings  in 
N/300  to  N/500  is  normal  for  the  first  ten  to 
fifteen  days;  at  about  the  end  of  this  time  the 
green  color  begins  to  fade.  In  the  stronger 
solutions,  as  in  N/50  to  N/200,  chlorophyll 
The  leaves  in  these  cultures  are  chlorotic  when 


Fig.  9.—  ToxicUy  of  MnCU 

1.  N/50  MnCls  in  nutrient  soliitioa 

2.  Control,  full  nutrient  solution 


does  not  form  normally. 

they  appear  and  they  soon  cease  growing. 

Manganese  salts  in  soil  cultures, —  Much  interest  has  been  mani- 
fested in  the  stimulating  action  of  manganese  when  applied  to  soils,  as 
evidenced  by  the  numerous  investigations  reported.  On  the  other  hand, 
studies  of  the  poisonous  action  of  manganese  in  soils  are  fewer  in  number; 
therefore  the  toxicity  of  this  ion  has  been  considered  of  sufficient  impor- 
tance for  further  investigation. 

In  order  to  determine  the  toxic  action  in  soil,  cultures  were  made  up 
as  indicated  in  Table  3.  One  thousand  grams  of  air-dry  sandy  loam  was 
placed  in  paraffined  pots.  To  each  of  these  pots  was  added  a  solution  of 
MnCU  (330  cubic  centimeters),  as  given  in  the  table.  Melted  paraffin 
was  poured  over  the  surface  of  the  soil,  and  roots  of  pea  seedlings  were 
inserted  through  holes  in  the  paraffin  into  the  soil  below.  In  general  the 
results  obtained  are  similar  to  those  derived  from  the  full  nutrient  solutions. 

The  injurious  action  of  manganese  with  respect  to  peas  in  soil  cultures 
is  mamfested  mainly  toward  the  tops;  only  relatively  concentrated  solu- 
tions are  harmful  to  the  roots  of  the  above  plants.  When  a  strong  dose 
of  manganese  (330  cubic  centimeters  of  N/10  MnCU  or  MnSOO  is  applied 
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to  this  particular  soil,  the  development  of  the  part  of  the  plants  above  the 
surface  is  1.5  centimeter,  but  the  root  growth  is  considerable  as  is  shown 
in  the  table  below.  The  injury  to  the  roots  of  the  plants  is  insignificant  in 
the  cultures  that  contain  N/50  MnCU.  Slight  stimulation  results  from  the 
addition  of  a  solution  of  N/500  MnCU  to  this  soil. 


TABLE  3. 


EXPERIMSNT  IN  SoiL  CULTtmXS,   CONTTNUEO  FOB  ThIBTT  DaTS. 

Ten  Plants 


Data  for 


Culture 

Composition  oi 
solution 

Average 
length 
of  tope 
(centi- 
meters) 

Average 
length 

of  roots 
(centi- 
meters) 

WHght 
of  roots 
(grams) 

Color 
of  tops 

1 

N/5  MnCl, 

N/10  MnCl, 

N/26  MnCl, 

N/50  MnCU 

N/500  MnCl, 

Control 

0 

1.5 
10.0 
12.5 
16.0 
15.0 

Very  slight 

6.0 

8.7 

12.5 

13.0 

12.5 

Not  taken 
3.75 
6.00 
8.20 
10.40 
9.10 

2 

Yellow 

3 

Yellow 

4 

Pale  green 
Green 

6 

6 

Chlorosis  of  the  leaves  of  the  plants  is  noticeable  in  all  the  soil  cultures 
except  cultures  5  and  6.  Chlorophyll  apparently  does  not  develop  in 
the  leaves  of  the  plants  grown  in  soils  dosed  as  heavily  as  are  cultures 
2  and  3.  In  pot  4  the  yellow,  or  loss  of  green  color  of  the  leaves,  is  not 
observable  until  the  plants  are  ten  to  fifteen  days  old.  The  loss  of  the 
green  color  is  doubtless  the  result  of  an  accumulation  of  manganese  in 
the  leaves;  hence,  in  the  soil  cultures  that  contain  less  concentrated  solu- 
tions of  this  element,  chlorosis  does  not  appear  for  several  days.  The 
chlorotic  leaves  do  not  function  in  carbon  assimilation  and  death  of  the 
plants  soon  results. 

It  has  been  shown  recently  that  this  chlorotic  action  of  manganese 
is  of  considerable  economic  importance.  Kelley  (1908)  attributes  the 
"yellows"  of  pineapples — a  condition  that  is  met  with  in  this  crop  as 
grown  in  certain  districts  in  Hawaii  —  to  the  abundance  of  this  element. 
Analyses  of  the  soils  where  this  trouble  occurs  show  the  presence  of  exces- 
sive amounts  of  manganese,  as  appears  on  page  172. 

Relation  of  previous  conditions  of  growth  to  toxicity. —  Pea  seedlings 
that  have  been  grown  for  ten  days  in  distilled  water,  tap  water,  and  fuU 
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nutrient  solution,  respectively,  are  much  more  resistant  to  the  poisonous 
influence  of  manganese  than  are  those  that  are  transferred  from  germinating 
pans  and  placed  immediately  in  solutions  of  manganese.  The  nature  of 
the  medium  used  in  this  preliminary  treatment  —  that  is,  wheth^  dis- 
tilled water,  tap  water,  or  full  nutrient  solution  —  has  no  visible  efifect 
on  the  resisting  power  of  the  plants  as  subsequently  subjected  to  man- 
ganese treatment.  In  these  experiments  the  roots  were  carefully  rinsed 
with  distilled  water  when  they  were  removed  from  the  tap  water  and  the 
full  nutrient  cultures.  The  data,  which  are  arranged  in  the  following 
table,  were  taken  five  days  after  the  plants  were  transferred  to  the  solu- 
tions of  manganese: 

TABLE  4.    Toxicmr  or  Manoanbse  after  Ten  Days  Growth  in  Various  Media 


Ten  days 

indiatiUed 

water, 

then  hi 

Condition 

Ten  days 

mtiH> 
water, 
then  in 

Conditioii 

Ten  days  in 

full  nutrient 

solution, 

then  in 

ConditioQ  * 

N/25  Mna. 
N/50  Mna, 
N/75  MnCU 

N/ido  Mna. 

N/200  Mna. 

Dead 
Dead 
Dead 

Slight  growth, 

Growing 

N/25  Mna. 
N/50  MnCl, 
N/75  MnCl, 

N/100  Mna, 

N/200  MnCl, 

Dead 
Dead 
Slight  growth, 

dead 
Slight  growth, 

Growing 

N/25  MnCl, 
N/50  MnCU 
N/75  MnCi, 

N/100  MnCl, 

N/200  Mna, 

Dead 
Dead 
Dead 

Slight  growth, 

dead 
Growing 

The  lethal  concentration  (N/75)  of  manganese  is  practically  the  same 
for  the  plants  that  have  been  grown  in  the  various  media.  A  comparison 
of  the  data  in  the  above  table  with  those  in  Table  1  (page  179)  brings 
out  the  fact  that  plants  which  have  been  grown  for  ten  days  in  either 
distilled  water,  tap  water,  or  full  nutrient  solution  are  approximately 
twenty-five  times  less  sensitive  to  manganese  ions  than  are  seedlings 
which  are  placed  immediately  in  pure  solutions  of  manganese. 

Influence  of  light  an  the  injurums  action  of  manganese  xvith  respect  to 

plants 
Certain  investigators  have  indicated  that  the  juice  of  yellow  leaves  — 
those  that  exhibit  chlorosis  resulting  from  the  presence  of  excessive  amounts 
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of  manganese — contains  more  active  oxidases  than  does  the  juice  of 
normal  leaves, 

Loew  and  Sawa  (1903),  who  found  that  manganous  sulfate  in  certain 
amounts  is  injurious  to  barley,  state:  ''  Manganese  exerts  in  moderate 
quantities  an  injurious  action  on  plants,  consisting  of  the  bleaching  out 
of  the  chlorophyll.  The  juice  of  such  plants  shows  more  intense  reaction 
for  oxidases  and  peroxidases  than  the  healthy  control  plants." 

Kelley  (1908)  has  pointed  out  that  the  leaves  of  pineapples  grown  on 
soils  high  in  manganese  content  give  more  distinct  reactions  for  oxidases 
with  guaiacum  and  aloin  than  do  the  leaves  from  plants  grown  on  soils 
containing  small  amounts  of  manganese.  The  writer  is  not  able  to  state 
positively  that  the  yellow  color  of  the  plants  is  brought  about  by  actual 
oxidation  of  the  chlorophyll. 

It  was  noted  in  preliminary  experiments  that  the  manganese  ion  is 
especially  injurious  to  plants  grown  in  intense  light.  Later  studies,  from 
experiments  conducted  in  cloudy-weather,  showed  that  the  harmful  action 
of  manganese  is  retarded  somewhat  when  the  plants  are  grown  under 
the  lesser  light  intensity. 

Full  nutrient  cultures  were  made  in  duplicate,  to  which  varying  amounts 
of  manganese  were  added.  One  set  of  cultures  remained  in  the  light, 
the  other  was  placed  in  a  darkened  aerated  chamber;  otherwise  the  con- 
ditions were  as  nearly  the  same  as  could  be  readily  maintained.  (No 
apparatus  was  at  hand  at  the  time  with  which  the  relative  hmnidity 
could  be  regulated.  This  factor  therefore  was  not  controlled.)  The 
results  obtained  from  these  experiments  appear  in  Table  5,  in  Fig.  10, 
and  in  the  discussion  following. 

In  order  to  determine  more  definitely  the  influence  of  light  on  the  toxic 
action  of  manganese,  experiments  were  made  in  which  plants  were  kept 
on  the  one  hand  in  darkness  and  on  the  other  hand  in  normal  light.  The 
results  are  given  in  Table  5. 

It  is  perfectly  clear  that  manganese  is  far  more  injurious  to  the  tops 
of  plants  grown  under  ordinary  greenhouse  conditions  than  it  is  to  those 
grown  in  darkness.  In  culture  1,  for  example,  the  tops  of  the  plants 
were  dead  at  the  close  of  the  experiment,  while  those  in  culture  2  were 
alive  although  the  leaves  were  very  small  and  the  steins  were  greatly 
injured.  The  lower  parts  of  the  stems  of  the  plant  in  the  latter  culture 
were  somewhat  darkened,  as  shown  in  Fig.  10.    The  leaves  of  the  seed- 
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TABLE  5.    ExpERii^ENT  with  Peas,  Contikusd  for  Fifteen  Days.    Data  fob  Ten 

Plants 


Culture* 

Composition  of 

solution 

(nutrient 

solution  as 

the  solvent) 

Green 
weight 

of 

roots 

(grams) 

Total 

green 

weight 

(grams) 

Average 

length 

of 

tops 
(centi- 
meters) 

Remarks 

1 

N/25MnCU 

N/25  Mna, 

N/60  Mna, 

N/60  MnCl, 

N/100  MnCl, 

N/100  MnCl, 

Nutrient  solution. . 
Nutrient  solution. . 

2.0 

2.0 
2.2 

2.6 

2.4 

2.6 

2.6 
2.5 

2.6 

4.3 
3.7 

6.6 

4.9 

8.2 

9.7 
9.7- 

2 

10 
5 

18 

7 

22 

16 
27 

Leaves     chlorotic     from 

2 

first.    Dead  at  close  of 
experiment 
Leaves  little  injured,  dark- 

3  

ened  in  places 
Leaves  yellow  from  first. 

4 

Few  alive   at  close  of 

experiment 
Leaves  uninjured,   stems 

slightly     darkened    in 

places 
Leaves     chlorotic     after 

5 

6 

three  days.    About  one 
half  of  the  leaves  dead 
Leaves    and    stems    uD' 

7 

injured 
Leaves  dark  green 

8 

Leaves  uninjured 

*  The  odd  numbers  represent  plants  grown  in  light,  the  even  numbers  those  grown  in  darkness. 


Fig.  10. —  Influence  of  light  on  toxicity  of  manganeee 


1.  N/25  MnCl,+nutrient  solution  in  light 

2.  N/25  MnClf+nutrient  solution  in  darkness  . 

3.  N/50  MnCIt+nutrient  solution  in  light 

4.  N/50  MnCli+nutxieot  solution  inldarkneM 


5.  N/100  MnCIs+nutrient  solution  in  Hg)it 

6.  N/100  MnCls+nutiient  solution  in  darknen 

7.  Nutrient  solution  in  light 

8.  Nutrient  solution  in  c'    ' 
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lings  in  culture  3  became  chlorotic  after  a  short  time  and  few  remained 
alive  until  the  close  of  the  experiment;  whereas  those  in  culture  4  were 
uninjured  and  the  stems  were  far  less  corroded  than  those  in  culture  2. 
A  comparison  of  the  plants  grown  in  culture  6  with  those  in  the  control, 
culture  8,  discloses  the  fact  that  the  toxicity  of  N/100  MnCU  toward 
seedlings  grown  in  the  dark  is  very  slight.  On  the  other  hand,  the 
toxicity  of  manganese  in  ordinary  greenhouse  light  is  appreciated  when 
one  compares  the  development  of  the  plants  in  culture  5  with  that  in 
culture  7.  The  writer  is  not  prepared  to  offer  an  explanation  of  the  cause 
of  these  results. 

An  examination  of  the  data  in  the  preceding  table  and  of  Fig.  10  further 
emphasii^  the  fact  that  the  toxicity  of  manganese  is  manifested  mainly 
toward  the  tops  of  the  plants.  The  injury  to  the  roots  is  inappreciable 
in  all  the  above  cultures  except  1,  2,  and  3.  The  increased  toxicity  of 
manganese  in  plants  grown  in  light  may  be  due  to  the  greater  accumu- 
lation of  manganese  in  the  leaves,  this  being  brought  about  by  greater 
transpiration. 

Antidotal  relations  of  calcium,  potassium,  sodium,  and  magnesium  toward 

manganese 

In  a  previous  paper  the  writer  has  summarized  some  of  the  more 
important  data  regarding  the  antitoxic  relations  of  various  mineral  ele- 
ments as  cations.  He  has  also  added  the  results  obtained  from  many  of 
his  experiments.  In  connection  with  the  studies  on  manganese,  the 
writer  has  investigated  the  antidotal  relations  that  exist  between  this 
element  and  each  of  the  following:  calcium,  potassium,  sodium,  and 
magnesium. 

Calcium  and  manganese 

Calcium  and  manganese  (distilled  water). —  By  means  of  several  series 
of  experiments  it  has  been  definitely  proved  that  manganese  is  rendered 
innocuous  by  the  addition  of  calcium.  It  is  to  be  noted,  for  example, 
that  a  pure  solution  of  N/4000  MnCU  is  toxic  to  seedlings,  but  when  a 
stronger  solution,  N/1000  MnCli,  is  mixed  with  N/2000  CaCl2  the  injury 
due  to  the  manganese  is  greatly  reduced.  Protective  action  exists  also 
with  various  other  combinations  of  calcium  and  manganese.  The  data 
obtained  are  set  forth  in  Table  6: 
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TABLE  6.    ExFEBiMSNT  WITH  Canada  Field  Pea,  Continttsd  for  Thirtt  Datb.    Data 

FOR  Ten  Plants 


Composition  of  solution 


Green 
weight 
of  tops 

(grams) 


Green 
weight 
of  roots 
(grams) 


Total 
green 
weight 

(grams) 


Average 
length 
of  tops 
(centi- 
meters) 


Average 
length 

of  roots 
(oenti- 
meters) 


N/lOCaCl, 

N/25CaCl, :.... 

N/100  CaCl, 

N/500  CaCl. 

N/1,000  CaCl. 

N/2,000  CaCl, 

N/4,000  CaCl. 

N/10  CaCl,+N/100  MnCl, . . . 
N/10  CaCl,+N/500  MnCI,. . . . 
N/10  CaCl,-f  N/1,000  MnCl.. . 
N/10  CaCl,-f  N/2,000  MnCU. . 
N/10  CaCU+N/4,000  MnCU. . 
N/25  CaCL-f-N/1,000  MnCl,. . 
N/100  CaCl,-f  N/1,000  MnCl,. 
N/500  CaCl,+N/l,000  MnCl.. 
N/2,000  CaCl,-f  N/1,000  MnCl.. 
N/4,000  Caa,+N/1,000  MnCl,. 

N/1,000  MnCl,* 

N/4,000  MnCl, 

Distilled  water 


5.90 
7.10 
6.95 
6.20 
6.65 
5.25 
4.25 
2.94 
5.46 
5.12 
5.15 
6.76 
4.52 
5.56 
3.75 
3.45 
2.01 


6.15 
5.05 
4.45 
4.00 
3.20 
2.47 
2.10 
5.06 
5.81 
6.92 
6.20 
4.10 
4.20 
4.10 
3.60 
3.05 
2.40 


12.06 

12.15 

11.40 

10.20 

9.85 

7.72 

6.35 

8.00 

11.27 

12.04 

11.35 

9.86 

8.72 

9.66 

7.25 

6.50 

4.41 


11.0 

12.0 

12.0 

9.0 

12.0 

10.0 

9.0 

7.0 

10.0 

9.0 

9.0 

12.0 

10.0 

11.0 

8.0 

6.5 

6.0 


13.0 
15.0 
12.0 
13.0 
12.0 
12.0 
10.0 
13.0 
17.0 
16.0 
13.0 
13.0 
16.0 
14.0 
13.0 
13.0 
10.0 


1.80 
1.85 


1.64 
1.75 


3.44 
3.60 


5.0 
6.0 


6  6 
7.6 


^Weight  not  taken.     Practically  no  growth.     Dead. 

As  is  brought  out  in  the  above  table,  calcium  is  effective  in  overcoming 
the  harmful  properties  of  manganese.  It  is  to  be  noted  that  solutions 
of  N/10  CaCU  reduce  the  deleterious  action  of  various  amounts  of  this 
mineral  element.  The  greatest  development  of  plants  (in  mixed  solutions) 
occurs  in  cultures  composed  of  N/10  CaCU+N/lOOO  MnCU.  In  N/10 
CaCU+N/lOO  MnCl«  the  toxicity  of  the  manganese  toward  the  tops  is 
not  reduced  to  such  an  extent  as  it  is  toward  the  roots.  The  plants  in 
this  culture  were  somewhat  chlorotic.  It  is  to  be  noted  further  that  a 
very  slight  amount  cf  calcium  (N/4000  CaCU)  reduces  the  injury  caused 
by  N/1000  MnCls.  In  no  case  has  the  addition  of  manganese  to  a  solution 
of  calcium  resulted  in  an  increased  development  of  plants  over  that  in 
the  corresponding  solutions  of  calcium  alone. 

The  relation  of  previous  conditions  of  growth  to  antidotal  reJoHons  between 
calcium  and  manganese. —  In  order  to  determine  whether  the  age  of  eeed- 
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lings  modifies  the  protective  action  of  calcium  toward  manganese,  seedlings 
were  permitted  to  grow  for  ten  days  in  pure  distilled  water  and  were 
then  transferred  to  single  and 
mixed  solutions  of  calcium  and 
manganese.  Final  notes  were 
taken  twenty  days  later.  It 
was  thought  that  changes  which 
would  alter  the  relations  of 
the  calcium  and  manganese 
might  occur  in  the  protoplasm 
of  the  cells  of  the  older  seed- 
lings. The  results  obtained 
show  clearly  that,  although  the 
lethal  concentrations  of  man- 
ganese are  much  higher  for 
older  seedlings,  calcium  counter- 
acts the  toxicity  of  this  element 
in  the  same  manner  as  before.  Slight  elongation  of  the  tops  takes  place 
when  the  plants  are  placed  in  N/200  MnClj.  A  solution  of  N/100  causes 
death  within  three  days.  The  addition  of  N/10  CaCli  to  the  above 
solutions  of  manganese  results  in  complete  reduction  of  the  toxicity. 

TABLE  7.    ExPERimNT  Continued  for  Twenty  Days.    Data  for  Ten  Plants 


Fio.  11. —  Antidotal  relations  between  calcium  and 
manganese.  Seedlings  in  distilled  water  for  ten 
daySf  then  transferred  to 

1.  N/10  CaCla+N/100  MnClj  3.  DiatUled  water 

2.  N/10  CaCb  4.  N/100  MnCb 


Previous  condition  of 
growth 

Composition  of 
solution 

Total  green 
weight 
(grams) 

Average 
length 
of  tops 
(centi- 
meters) 

Average 
length 
of  roots 
(centi- 
meters) 

Ten  days  in  distilled  water 

N/10  CaCl, 

N/10  CaCI.-f  N/100 
MnCli 

9.45 

8.65 

8  82 
Dead  after  three 

days 
Weight  not  taken 

2.50 

15 
13 

14 

Slight   in- 
crease 
6 

9 

7 

N/10  CaCl,+N/200 
MnCli 

.8 

N/100  MnCl. 

N/200  MnClt 

Distilled  water 

No  increase 
6 
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Full  nutrient  solution  also  was  employed  as  a  medium  in  which  to 
grow  seedlings  for  the  first  ten  days.  The  plants  were  then  placed  in 
cultures  containing  calcium  and  manganese  separately,  and  in  cultures 
in  which  these  metals  were  both  in  solution.  (Precautions  were  taken  to 
wash  carefully  the  roots  of  the  seedlings  when  they  were  removed  from 
the  nutrient  solution.)  Final  notes  were  made  twenty  days  later.  The 
total  and  the  average  length  of  both  tops  and  roots  of  these  plants  are 
greater  than  in  those  that  were  grown  for  the  first  ten  days  in  distilled 
water  and  then  transferred  to  solutions  of  calcium  and  manganese.  Here 
again  calcium  iotis  are  effective  in  antidoting  manganese  ions. 

TABLE  8.    Experiment  Continubd  for  Twenty  Dats.    Data  for  Ten  Plants 


Previous  condition  of 
growth 

Composition  of 
solution 

Total 
green 
weight 

(grams) 

Average 
length 
of  tops 
(centi- 
meters) 

Average 
length 
of  roots 
(centi- 
meters) 

Ten  days  in  full  nutrient 
solution 

N/lOCaCIt 

N/10    CaCl«+N/50 
MnCli 

18.85 

10.36 

11.42 

16.55 
No  further 

growth 
Very  slight 
growth 
11.95 

24 

20 

22 

25 
Dead 

14 

11 
9 

N/10  CaCl«+N/100 
MnCIt 

11 

N/10  CaCl,+N/200 
MnCli 

10 

/ 

N/100  MnCl. 

N/200  MnCl. 

Distilled  water 

8 

It  may  be  concluded,  from  the  data  obtained  from  the  two  series  of 
experiments,  that  the  nature  of  the  substratum  (that  is,  whether  distilled 
water  or  nutrient  solution)  in  which  the  seedlings  were  grown  for  the  first 
ten  days  does  not  influence  markedly  the  antidotal  relation  of  calcium  to 
manganese. 

Calcium  and  manganese  (JuU  nvirierU  solution), —  Data  have  been  pr^ 
sented  which  establish  the  fact  that  manganese  is  much  less  toxic  with 
respect  to  seedlings  in  full  nutrient  solutions  than  to  seedlings  in  distilled 
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water.  Nevertheless,  the  manganese  ion  is  poisonous  in  cultures  that 
contain  all  the  essential  nutrients.  A  number  of  cultures  were  made  up 
in  order  to  determine  whether  further  antidotal  relations  exist  between 
calcium  and  manganese  when  a  full  nutrient  solution  is  employed  as  the 
solvent. 
In  general,  the  experiments  demonstrate  that  calcium  decreases  the 


Fio.  12. —  AntidokU  rdaUona  between  calcium  and  manganese.    Plants  grown  in  ftdl  nutrient 
solution  for  ien  days^  then  transferred  to 


1.  N/10CaClf+N/50MnCl» 

2.  N/10C»C1«+N/100  MnCli 

3.  N/10  CaCU+N/200  MnCU 


4.  N/100  MnQj 
6.  N/10  CaClf 
6.  Distilled  water 


deleterious  action  of  manganese  in  the  nutrient  solution  indicated,  as 
might  be  anticipated  from  the  concentration  of  the  bases.  N/50  MnCU 
prevents  growth  of  tops  almost  entirely.  In  this  culture  the  lateral  roots 
are  shorter  and  less  numerous,  but  the  main  roots  are  longer,  than  those 
on  the  control  plants. 

The  addition  of  sufficient  CaCU  to  make  the  solution  N/10,  N/50, 
N/IOO,  or  N/500  of  the  solvent,  results  in  no  reduction  of  the  toxicity  of 
the  above  solution  of  manganese. 
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N/100  MnCIs  is  likewise  very  toxic  to  tops,  and  to  a  less  extent  to. 
rootS;  of  seedlings.  Chlorosis  of  the  leaves  soon  appears  in  this  culture. 
The  presence  of  either  N/10  or  N/50  CaCU  appreciably  counteracts  this 
deleterious  action,  the  loss  of  green  color  being  then  scarcely  apparent. 

The  development  of  the  roots  in  solutions  of  N/200  MnCU  is  almost  as 


Fio.  13. —  Antidotal  relations  hettoeen  calcium  and  manganese;  ntUrienl  solution  as  th€  soheni 


1.  N/10CaClf+N/50MnClf 

2.  N/10  CaCIf +N/100  MnClt 

3.  N/10  CaCb+N/500  MnCh 

4.  N/60  CaCli+N/500  MnQi 

5.  N/100  CaCb+N/600MnCli 

6.  N/500  CaClf+N/60MnClt 

7.  N/10  CaCIf 


8.  N/50  CaCl, 

9.  N/100  CaCIf 

10.  N/500  CaCb 

11.  N/50  MnCh 

12.  N/100  MnClt 

13.  N/500  MnCls 

14.  Nutrient  aolution 


extensive  as  in  the  control  cultures.  The  length  of  the  stems  is  about 
one  half  that  of  those  grown  in  the  nutrient  solution.  The  presence  of 
N/500  CaCls  results  in  a  slight  increase  in  elongation  of  the  stems.  The 
detailed  data  obtained  appear  in  Table  9: 
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TABLE  9.    ExPBRiifSNT  Continukd  fob  Thirty  Days.    Data  for  Ten  Plantb 


Composition  of  solution 
(full  nutrient  solution  as  the 
solvent) 


Green 
weight 
of  tops 
(grams) 

Green 
weight 
of  roots 
(grams) 

Total 
green 
weight 

(grams) 

Average 
length 
of  tops 
(centi- 
meters) 

Average 
length 
of  roots 
(centi- 
meters) 

0.50 

1.46 

1.96 

1 

6 

6.05 

4.95 

10.00 

11 

8 

7.36 

6.35 

13.71 

13 

11 

0.45 

1 

15 

2.55 

5.55 

8.10 

4 

12 

0.35 

1.75 

2.10 

1 

11 

2.55 

4.20 

6.75 

5 

10 

7.19 

4.85 

12.04 

13 

11 

0.37 

2.30 

2.67 

1 

12 

2.10 

4.90 

7.00 

5 

14 

3.15 

4.60 

7.75 

7 

12 

1.60 

4.26 

5.86 

2 

13 

2.10 

3.80 

5.90 

4 

13 

1.00 

2.95 

3.95 

2 

15 

2.25 

4.00 

6.25 

4 

13 

2.70 

4.45 

7.15 

6 

13 

6.90 

4.65 

11.55 

14 

12 

9.75 

'7.15 

16.90 

16 

10 

9.10 

5.60 

14.70 

12 

12 

10.85 

6.15 

17.00 

16 

10 

10.20 

5.45 

15.65 

14 

16 

9.90 

4.90 

14.80 

14 

9 

10.40 

6.20 

15.60 

13 

10 

N/10  CaCl,+N/60  Mna,. . . . 
N/10  Caa.+N/100  Mna,. . . 
N/10  Caa,+N/500  MnCU. . . 
N/50  CaCl,+N/60  MnQ.. . . . 
N/60  CaCl,+N/100  MnCl,. . . 
N/100  Caa«+N/50  MnCl,. . . 
N/100  CaCl.-f  N/100  MnCl,. . 
N/100  CaCl.+N/500  MnCl,. . 
N/500  CaCl,+N/60  MnCl,. . . 
N/500  CaCl,+N/100  MnCl,. . 
N/500  CaCl,+N/200  MnCl,. . 
N/1,000  CaCl,+N/100  MnQ, 
N/1,000  Caa,-f  N/200  MnCl, 

N/50  Mna, 

N/100  MnCl, 

N/200  Mna, 

N/500  MnCl, 

N/lOCaa, 

N/50CaCl, 

N/lOOCaCl, 

N/500  Caa, 

N/l,000Caa, 

Full  nutrient  solution 


Calcium  and  manganese  (soil  cultures). —  It  is  of  special  interest  and  of 
great  economic  importance  to  ascertain  whether  the  toxicity  of  manganese 
in  soils  may  be  reduced  by  the  application  of  lime.  The  writer  has  fomid 
from  repeated  experiments  that  large  applications  of  lime  to  pots  of  soil 
overdosed  with  manganese  result  in  a  more  vigorous  development  of 
the  plants  in  the  pots. 

In  these  experiments  glass  tumblers  were  used  as  containers.  In  each 
tumbler  was  placed  250  grams  of  air-dry  sandy  loam,  to  which  was  added 
80  cubic  centimeters  of  the  solutions  employed.  Ten  pea  seedlings  were 
used  in  each  tumbler,  the  roots  growing  into  the  moist  soil  through 
a  hole  in  the  paraffin  that  had  previously  been  applied  to  the  surface  of 
the  soil.  Subsequently  the  number  of  plants  was  reduced  to  five  in  each 
tumbler.    The  water  lost  from  the  soil  was  replaced  from  time  to  time 
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by  the  addition  of  distilled  water.    After  thirty  days  the  experiments 
were  discontinued.    The  results  obtained  appear  in  Table  10: 

TABLE  10.    ExPEBiMSNT  Continubd  for  Thirtt  DaT8 
(The  data  observed  for  five  plants  were  calculated  for  ten  plants,  so  that  a  comparison 
might  be  made  with  other  experiments) 


Composition  of  solution 

Total 
weight 
of  tops 
(grams) 

Total 
weight 
of  roots 
(grams) 

Average 
length 
of  tops 
(centi- 
meters) 

Remarks 

N/25MnCli (a) 

Too  dry 
to  weigh 
7.0 
8.5 
9.0 
10.0 
5.0 
5.6 
9.2 
9.8 
8.0 
6.4 
8  1 

3.2 

2.3 

12.2 

10.0 

9.0 

5.4 
4.1 
8.2 
8.6 

10.2 
7.8 

10.0 

6 
9 
24 
22 
27 
29 
18 
20 
28 
25 
26 
25 
28 

Tops  dead 

I/?aves  slightly  chlorotio 

(b) 
N/50MnCli (a) 

(b) 
DistUled  water (a) 

Color  good 

(b) 
N/25  CaCl,+N/25  MnCU.  (a) 

(b) 
N/50  CaCl,+N/50  MnCl«.   (a) 

N/25CaClt (a) 

Color  fair 
Color  fair 
Color  good 
Color  good 

(b) 
N/50CaClt (a) 

(b) 

FiQ,  14. —  Antidotal  relatunu  bettoeen  calcium  and  manganese  in  eoil  cuUurea 


1.  N/50CaClt 

2.  N/50  CaCb-fN/60  MnCIt 
8.  N/60  MnCb 


7.  DistiDfid  water 


4.  N/25  MnCU 

5.  N/25  MnCli+N/25|CiiCli 

6.  N/25  CaCb 
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The  addition  of  N/2S  MnCIs  to  this  particular  soil  results  in  great 
injury  to  pea  seedlings.  The  growth  of  tops  is  only  6  centimeters  and 
the  root  growth  is  likewise  depressed.  The  presence  of  N/25  CaClj 
reduces  the  injury  from  the  manganese,  as  the  average  growth  of  tops  in 
this  culture  is  19  centimeters  and  the  root  growth  is  also  more  extensive. 
These  results  are  at  variance  with  those  obtained  by  pineapple-growers 
in  Hawaii,  as  Kelley  (1908)  reports  that  the  addition  of  lime  or  other 
fertilizers  is  not  effective  in  counteracting  the  injury  resulting  from 
manganese. 

Potassium  and  manganese 

Potassium  and  manganese  (distilled  water), —  Since  calcium  is  relatively 
effective  in  antidoting  manganese,  it  is  of  interest  to  ascertain  whether 
other  metals  as  cations  counteract  this  injurious  action.  By  means 
of  several  sets  of  experiments  it  has  been  determined  that  mutual 
antagonism  exists  between  manganese  and  each  of  the  following:  potas- 
sium, sodium,  and  magnesium.  N/500  MnCU  prevents  growth  of  wheat 
seedlings  and  N/2000  is  extremely  toxic.  This  deleterious  action  is  oveu- 
come  by  the  presence  of  N/50  KCl.  A  weaker  solution  of  potassium, 
N/500,  is  antagonistic  toward  manganese,  but  to  a  less  extent  than  more 
concentrated  solutions. 

N/50  KCl  is  very  injurious  to  roots  of  wheat  seedlings.  The  presence 
of  either  N/500,  N/2000,  or  N/5000  MnCli  counteracts  this  toxicity. 
An  examination  of  Table  11  bears  out  the  above  statements: 


TABLE  11. 


EXPERIMSNT  WITH  WhEAT,  CoNTINUBD  FOR  ThIRTT  DaTS. 

Plants 


Data  for  Eight 


Composition  of  solution 


Total 

green  weight 

(grams) 


Average  length 

of  tops 
(centimeters) 


Average  length 

of  roots 
(centimeters) 


N/60  KCl 

N/50  KCl-f-N/500  MnCU. . . 
N/60  KCl-hN/2.00a  MnCl,. 
N/60  KCl-hN/5,000  MnCU. 
N/500  KCl-f  N/2,000  MnCl. 

N/2.000  MnCl, 

Distilled  water 


0.65 

0.85 

1.50 

1.20 

0.80 

0 

0.55 


6 
8 
9 
11 
9 
2 
6 


Potassium   and   manganese  {N/1000  CaClt). —  Under  ordinary  green- 
house conditions  pea  seedlings,  in  distilled  water  or  in  full  nutrient  solu- 
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tion  lacking  calcium,  rarely  grow  to  a  height  of  more  than  two  inches. 
However,  if  calcium  is  present,  even  in  relatively  small  amounts,  growth 
proceeds  for  about  four  weeks.  The  ash  of  pea  seeds  contains  relatively 
small  amounts  of  calcium,  but  the  magnesia  content  is  high.  This  unbal- 
anced condition  probably  accounts  for  the  demands  for  calcimn  in  the 
above  instances.  Taking  cognizance  of  these  facts,  N/1000  CaCU  was 
used  as  the  solvent  in  making  up  cultures  in  order  to  determine  whether, 
under  such  circmnstances,  antidotal  relation  may  be  recognised  to  exist 
between  potassium  and  manganese.  The  solutions  used  and  the  results 
obtained  appear  in  the  following  table: 

TABLE  12.    Experiment  Continued  for  Thirty  Days.    Data  for  Ten  Plants 


Composition  of  solution 
(N/1000  CaCli  as  the  solvent) 


Green 
weight 
of  tops 
(grams) 


Green 
weight 
of  roots 
(grams) 


Average 
length 
of  tops 
(centi- 
meters) 


Average 
length 
of  roots 
(centi- 
meters) 


N/60KC1 

N/50  KCl-hN/100  MnCl. 

N/50  KCH-N/500  MnCl, 

N/50  KCl+N/1, 000  MnCl,. . . , 
N/500  KCl+N/1,000  MnCl,. . 
N/1,000  KCl+N/1,000  MnCl. 

N/1,000  MnCl, 

N/1,000  CaCl, 


3.76 
0.45 
4.10 
5.10 
3.35 
3.16 
2.45 
5.01 


5.05 
2.01 
4.08 
4.25 
4.02 
3.15 
3.35 
3.35 


9 
6 
8 
10 
10 
12 
10 
10 


Fio.  15. —  Antidotal  relations  betioeen  potasnum  and  manffaneae;  N/1000  CaCt^  as  the  solvent 


1.  N/IOOO  CaCl, 

2.  N/50  KCi 
8.  N/60  KQ+N/lOO  MnCh 


7.  N/1000  MnCli 


4.  N/50  KQ+N/fiOO  MnCl, 

5.  N/50  Ka+N/1000  MnCh 

6.  N/500  Ka+N/1000  MnCh 
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The  root  development  of  the  plants  m  the  culture  composed  of  N/1000 
CaClj+N/50  KCl  is  far  more  abundant  than  in  the  control,  N/1000 
CaCla,  but  the  top  growth  is  less.  It  is  thus  seen  that  N/50  KCl  depresses 
the  growth  of  the  stems.  When  either  N/500  or  N/1000  MnCU  is  present 
with  N/50  KCl,  in  the  presence  of  the  weak  calcium,  the  retarding  action 
of  the  potassium  is  entirely  overcome. 

Manganese  is  antidoted  by  potassium,  as  is  shown  by  Fig.  15  and 
by  the  data  in  Table  12.  Slight  antagonism  results  in  cultures  com- 
posed of  N/50  KCl+N/100  MnCI,+N/1000  CaCl,.  Greater  protective 
action  exists  when  the  above  amount  of  potassium  is  present  with  either 
N/500  or  N/1000  MnClj.  Considering  the  top  growth  of  seedlings, 
mutual  antagonism  exists  between  potassium  and  manganese;  consid- 
ering root  growth  alone,  however,  potassium  has  a  protective  action 
toward  manganese. 

Potassium  and  manganese  (Jul!  ntUrient  solution). —  The  further  addition 
of  potassium  to  a  full  nutrient  solution  one  tenth  as  strong  as  the  one 
employed  in  the  previous  experiments,  lowers  the  deleterious  action  of 
either  N/100  or  N/500  MnClj.  The  further  addition  of  potassium  (N/20 
KCl)  to  the  nutrient  solution  also  results  in  an  increase  of  root  develop- 
ment, the  lateral  roots  especially  being  longer  and  more  numerous  than 
those  of  the  control  plants.  On  the  other  hand,  the  top  growth  is  retarded 
somewhat.  The  results  obtained  from  these  experiments  appear  in 
Table  13: 


TABLE  13.    Experiment  Continubi)  for  Thirtt  Days.    Data  for  Ten  Plants 


Compositioa  of  solution 

(full  nutrient  solution  as  the 

solvent) 


Green 
weight 
of  tops 
(grams) 


Green 
weight 
of  roots 
(grams) 


Total 

green 

weight 

(grams) 


Average 
length 
of  tops 
(centi- 
meters) 


Average 
length 
of  roots 
(centi- 
meters) 


N/20  KCl 

N/20  KCl+N/lOO  MnCl 
N/20  KCl-hN/600  MnCl 

N/100  Mna, 

N/500  MnCl.. 

Full  nutrient  solution 


4.85 
1.45 
4.60 
0.85 
2.16 
5.16 


4.26 
1.68 
3.60 
1.35 
3.20 
3.55 


9.11 
3.13 
8.10 
2.20 
5.35 
8.70 


10.0 
6.0 
9.0 
1.5 
6.0 

13.0 


6.6 
7.5 
6.0 
5.0 
7.0 
4.0 
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Sodium  and  manganese 

Sodium  and  manganese  (distilled  vxUer). —  Sodium  and  manganese  are 
mutually  antagonistic  in  distilled  water.  Solutions  of  N/50  NaCl  reduce 
the  poisonous  action  of  solutions  of  manganese  ranging  in  concentration 
from  N/500  to  N/5000.  The  toxicity  of  both  sodium  and  manganese 
toward  wheat  seedlings  is  not  evident  when  the  salts  of  these  metals  are 
present  in  solution  as  N/50  NaCl+N/5000  MnCU,  and  the  amount  of 
injury  is  greatly  lessened  in  the  other  combinations  employed.  The  data 
obtained  are  summarized  in  Table  14: 


TABLE  14.    Experiment  with  Wheat,  Continued  for  Thirtt  Datb.    Data  for  Eight 

Plants 


Composition  of  solution 


Total  weight 
(grams) 


Average  length 

Average  lengUi 

of  tops 

of  roots 

(centimeters) 

(centimeters) 

2.0 

1.0 

5.5 

2.0 

6.0 

8.0 

9.0 

9.0 

1.0 

0 

3.0 

2.0 

4.0 

3.0 

9.0 

4.0 

N/50  NaCI-fN/500  Mnai. . 
N/50  NaCl+N/1,000  MnCI. 
N/50  NaCH-N/3,000  MnCli 
N/50  NaCl-hN/5,000  MnCU 

N/50  NaCl 

N/3,000  MnCl, 

N/5,000  MnClt 

Distilled  water 


0.36 
0.80 
0.90 
0.92 
Very  slight 
0.48 
0.55 
0.92 


Magnesium  and  manganese 

Magnesium  and  manganese  {N/1000  CaCk)- —  The  fact  that  magnesium 
and  manganese  are  very  toxic  in  pure  solutions  makes  it  especially  interest- 
ing to  ascertain  the  results  when  these  are  combined.  The  development 
of  pea  seedlings  is  greater  in  cultures  containing  both  these  harmful  sub- 
stances than  in  cultures  in  which  only  one  is  present,  again  indicating 
mutual  antagonism.  N/500  and  N/1000  MnClj,  for  example,  are  injurious 
to  the  tops.  This  injury  is  prevented  by  the  presence  of  N/50,  N/1(X), 
or  N/200  MgCU;  moreover,  the  development  of  the  plants  in  these  solu- 
tions is  more  extensive  than  in  the  corresponding  solutions  of  magnesium. 

Magnesium  and  manganese  (juU  nutrient  solution), —  In  this  series,  as 
in  the  preceding  one,  magnesium  effectively  counteracts  the  injurious 
action  of  manganese  toward  pea  seedlings.  It  is  to  be  noted,  for  example, 
that  solutions  of  N/200  MnCU  are  very  toxic;  the  leaves  of  seedlings 
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table  15.    ExpcRiMBNT  CoNTixuBo  FOR  TwctnT-nYB  Days.    Data  por  Eight  Plants 


Composition  of  solution 
(N/1000  CaCl.  as  the  solvent) 


Green 

Green 

Total 

Average 
length 
of  tops 
(centi- 
meters) 

weight 

weight 

green 

of  tops 

of  roots 

weight 

(grams) 

(grams) 

(grams) 

2.10 

1.20 

3.30 

6.0 

2.75 

1.84 

4.59 

8.0 

3.62 

2.04 

5.66 

13.0 

4.80 

2.40 

7.20 

13.5 

4.75 

2.50 

7.25 

12.0 

4.00 

2.30 

6.30 

11.0 

4.20 

2.00 

6.20 

16.0 

4.90 

2.50 

7.40 

14.0 

1.75 

1.65 

3.40 

7.0 

2.54 

1.75 

4.29 

10.0 

3.57 

1.70 

5.27 

12.0 

Average 
length 
of  roots 
(centi- 
meters) 


N/SOMgCU 

N/100  MgCl, 

N/200  MgCl. 

N/50  MgCl,+N/500Mna,. . . 
N/100  MgCl«+N/500  MnCl,. . 
N/200  MgCl,-hN/500  MnQ,. . 
N/100  Mga«+N/1,000  MnCU 
N/200  MgQt+N/lOO  MnCU. . 

N/500  MnCl, 

N/1,000  MnCU. 

N/1,000  CaClt 


7.0 
9.5 
12.0 
12.5 
13.0 
13.0 
14.0 
14.0 
12.0 
13.0 
10.0 


grown  in  these  cultures  become  chlorotic  and  the  top  growth  is  reduced. 
The  addition  of  N/20  MgCU  prevents  this  injury.  Moreover,  the 
presence  of  N/50  MgCU  prevents  chlorosis  which  appears  in  plants 
grown  in  solutions  of  N/500  MnCU. 


TABLE  16.    Experiment  Conttnued  fob 

Twenty- 

FIVE  Days.    Data  fob  Eight  Plants 

Composition  of 

solution 

(full  nutrient  solution 

as  the  solvent) 

Green 
weight 
of  tops 

(grams) 

Green 
weight 
of  roots 

(grams) 

Average 
length 
of  tops 

(centi- 
meters) 

Average 
length 
of  roots 

(centi- 
meters) 

Remarks 

N/200  MnQt 

3.10 
6.20 
7.15 

6.05 

4.10 

7.27 
7.27 

2.60 
3.00 
3.50 

2.80 

2.75 

3.40 
3.60 

8.0 
15.0 
13.0 

17.5 

16.0 

17.0 
14.0 

10.0 
12.0 
14.0 

18.0 

16.0 

13.0 
13.0 

Lateral    roots   long,    leaves 

yellow 
Lateral    roots   long,    leaves 

yellowish 
Lateral  roots  short,  leaves 

N/600  MnClt 

N/50  Mgat 

N/20  Mga,+N/200 
MnClt 

dark  green 
Lateral  roots  short,  oolor-of 
leaves  good 

N/50  MgCl,+N/200 
MnCU 

Lateral  roots  long,'  color  of 

leaves  pale 
Lateral  roots  medium,  color 

N/50  Mga«-l-N/500 
MnCli 

Nutrient  solution 

Lateral  roots  medium,  color 
of  leaves  good 
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CONCLUSIONS 

Pure  solutions  of  manganese  salts  are  extremely  poisonous  to  pea  and 
wheat  seedlings.  The  degree  of  toxicity  is  greatly  reduced  by  full  nutrient 
solutions  and  by  soil  cultures. 

The  injurious  action  of  the  manganese  ion  is  manifested  mainly  toward 
the  tops  of  plants.  Chlorosis  of  the  leaves  is  the  first  indication  of  an 
overdose  of  manganese. 

'Manganese  is  less  injurious  to  plants  grown  in  the  dark  than  to  those 
grown  in  the  light. 

Calcium,  potassium,  sodium,  and  magnesium  ions  are  each  effective 
in  counteracting  the  poisonous  action  of  manganese.  Mutual  antagonism 
exists  between  the  manganese  ion  and  each  of  the  following:  potassium, 
sodium,  and  magnesium. 
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THE  ACnON  OF  CERTAIN  NUTRIENT  AND  NON-NUTRIENT 

BASES  ON  PLANT  GROWTH  — III 

TOXICITY  OF  VARIOUS  CATIONS* 

M.  M.  McCkK)L 

(Received  for  publication  July  1,  1912) 

HISTORICAL 

As  a  result  of  numerous  investigations  that  have  been  made  on  antag- 
onistic action  and  toxic  action,  there  are  available  for  green  plants  many 
data  with  respect  to  the  relative  toxicity  of  certain  nutrient  and  non- 
nutrient  substances.  In  the  first  part  of  this  paper  extensive  data  have 
been  reviewed  and  presented  regarding  the  modification  of  toxic  action 
in  mixed  solutions,  especially  the  effects  of  the  cations,  one  on  another, 
of  the  substances  constituting  the  nutrient  solution.  Furthermore,  the 
experiments  of  Guthrie  and  Helms  (1903-1905),  Kanda  (1904),  Cameron 
and  Breazeale  (1904),  Dandeno  (1904),  Harter  (1905),  True  and  Oglevee 
(1906),  Jensen  (1907),  Magowan  (1908),  Duggar  (1911),  and  others  have 
shown  that,  as  a  rule,  substances  are  far  less  toxic  in  the  presence  of  inert 
solid  particles,  sand,  or  soil,  than  when  present  in  pure  solutions. 

The  reduction  of  toxicity  by  quartz  sand,  soil,  and  other  solid  particles 
has  been  attributed  to  the  following  factors:  chemical  reactions  between 
the  solute  and  the  solid  particles,  resulting  in  the  formation  of  less  toxic 
substances;  adsorption  of  the  molecules  or  ions  of  the  toxic  agent;  and 
obstruction  to  the  free  movement  of  the  molecules  or  ions  in  solution. 

The  reduction  of  the  toxicity  of  deleterious  agents  when  present  in 
nutrient  solutions  may  be  attributed  in  part  to  chemical  reactions  that 
result  in  the  formation  of  less  toxic  substance,  to  a  decrease  in  penetra- 
bility of  the  protoplasmic  membrane,  and  perhaps  to  other  important 
factors. 

EXPERIMENTAL 

The  writer  has  made  comparative  studies  of  the  poisonous  aetioh  of 
the  chlorids  of  calcium,  potassium,  sodium,  magnesium,  ammonium, 
barium,  strontium,  and  manganese,  in  distilled  water,  in  full  nutrient 

*  Laboratoiy  of  Plani  Pbynoloor,  Cornell  University,  Contribution  No.  11. 
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solution,  and  in  soil  cultures.  The  concentrations  in  ifi^ch  no  further 
elongation  of  seedlings  takes  place,  those  in  which  slight  growth  occutb; 
and  those  that  result  in  no  injury  to  seedlings,  have  been  determined.  As 
a  rule,  Canada  field  pea  seedlings  were  employed  as  indicators,  although 
in  some  instances  wheat  seedlings  also  were  used. 

The  methods  of  experiment  and  manipulation  were  the  same  as  those 
described  in  Part  I. 

Toxicity  of  calcium 

E}ach  of  the  other  elements  studied  is  far  more  toxic  than  calcium.  In 
fact,  calcium  ions  do  not  prohibit  growth  of  pea  and  wheat  seedlings  at 
concentrations  much  below  those  that  result  in  plasmolysis,  although  at 
the  higher  concentrations  some  injury  ensues.  The  results  that  were 
obtained  from  the  experiments  are  summarized  in  the  tables  immediately 
following: 


TABLE  1. 


ExpiBnfENT  WTTR  Canada  Fislo  Pba. 
TiK  Plants 


Duration,  Tin  Datb.     Data  for 


Composition  of  solution 


Pea 


Increase 

in  length 

of  tops 


Increase 
in  length 
of  roots 


Wheat 


Increase 

in  lengtii 

of  tops 


Increase 
in  length 
of  roots 


Distilled  water  as  the  solvent 

N/2  CaCl, 

N/3  CaCl, 

N/6  CaCl, 

N/10  CaCl. 

Distilled  water 

Full  nutrient  solution  as  the  solvent 

N/2Caa, 

N/4  CaCl, 

N/6  CaCl. 

N/10  CaCl, 

Nutrient  solution 

SoO  cultures* 

N/1  Caa. 

N/2  CaCl. 

N/4  CaCl, 

N/5  CaCl. 

Water 


None 
Slight 
Slight 
Good 
Good 


None 
Slight 
Slight 
Good 
Good 


None 
None 
Slight 
Good 
Good 


None 
None 
Slight 
Good 
Good 


None 
Slight 
Slight 
Good 
Good 


None 
Slight 
Slight 
Good 
Good 


None 
Slight 
Slight 
Good 
Good 


None 
Slight 
Slight 
Good 
Good 


None 

None 

2.0  cm. 

4.0  cm. 

6.1  cm. 


None 
None 

2.6cm. 

5.1  cm. 

6.1cm. 


None 

None 

6.1  cm. 

10.2  cm. 


None 
None 

2.6  cm. 

6.3  om. 


*  AiiHlry  8oil«  to  which  was  added  a  quantity  of  the  solution  equal  to  thirty  per  cent  of  its  dry  wei^t. 
^he  soil  employed  was  a  sandy  loam  containing  3.5  per  oent  volatile  matter. 


Digitized 


by  Google 


Toxicity  op  Various  Cations 


823 


Toxicity  of  potassium 
Potassium  is  appreciably  more  toxic  tbau  calcium,  but  less  injurious 
than  the  other  ions  that  the  writer  has  studied.  As  is  the  case  with  cal- 
cium, the  injury  is  reduced  when  potassium  is  present  in  full  nutrient 
solution  and  in  soil  cultures.  Slight  elongation  of  tops  occurs  in  solutions 
composed  of  N/10  KCl,  but  no  appreciable  root  growth  appears  in  solu- 
tions stronger  than  N/50  KCl.  Cameron  and  Breazeale  (1904)  obtained 
similar  results  from  other  substailces;  for  instance,  they  found  that  *'  the 
concentration  required  to  kill  a  seedling  or  disorganize  an  entire  radicle 
varies  widely  from  that  required  to  completely  hinder  any  growth  or 

elongation,  or  that  which  will  permit  some  elongation " 

The  results  of  the  writer's  studies  appear  in  Table  2: 


TABLE  2.    ExpSKiicBNT 

WITH  Wheat  and  Pea  Sbbdunos,  CoNnNUXD  roa  Ten  Dats. 
Data  for  Ten  Plants 

Pea 

Wheat 

Composition  of  solution 

Increase 

in  length 

of  tops 

(oentimeten) 

Increase 

in  length 

of  roots 

(centimeters) 

Increase 

in  length 

of  tops 

(centimeters) 

Increase 
in  length 
of  roots 
(centimeters) 

DisliUed    water  tm  the 
solvent 
N/5  KCl 

0 

0.25 

0.50 

1.00 

3.00 

6.00 

6.00 

0 
0 
0 
0 

Slight 
7.50 
7.00 

0 
0 

6.00 
6.00 
7.00 
6.50 
7.00 

0 

N/IOKQ 

0 

N/20  KCl 

0 

N/30Ka 

0 

N/60Ka 

2.00 

N/200  KCl 

7  00 

Distaied  water 

6.00 

Full  nutrient  solution  as 
the  solvent 
N/4Ka 

0 

2.50 
5.00 
6.25 

7.50 
6.25 

0 
Slight 
3.75 
7.50 

10.00 
8.75 

2.50 
5.00 
6.25 
7.50 

8.75 
7.50 

0 

N/5  KCl 

1  50  No  branches 

N/7  KCl 

6  25  Few  branches 

N/10  KCl 

N/50Ka 

7. 50  Slightly 

branched 
11.25 

Nutrient  solution 

10.00      Branched 

Toxicity  of  sodium 
Sodium  ions  in  distilled  water  arc  somewhat  more  deleterious  to  pea 
and  wheat  seedlings  than  are  potassium  ions.    No  top  growth  results  in 


Digitized 


by  Google 


824 


M.  M.  McCooL 


solutions  stronger  than  N/30  NaCl,  whereas  slight  development  of  tope 
occurs  in  cultures  containing  N/10  KCl.  The  lethal  concentration  of 
sodium  for  roots  is  just  below  N/76. 


TABLE  3. 


ExpSBiMZNT  WITH  Pba  AND  Wheat  Skkoldtos,  CoNTnnnn)  FOR  Tsir  Datb. 
Data  fob  Tbn  Plants 


Compontion  of  solutiQii 


Pea 


Increase 
in  length 
of  tope 
(centi- 
meters) 


Increase 
in  length 

of  roots 
(centi- 
meters) 


Wheat 


Increase 
in  length 
of  tops 
(centi- 
meters) 


Increase 
in  length 
of  roots 
(oMiti-  I 
meters) 


Distilled  water  as  the  solvent 

N/6  NaCl 

N/10  NaCl 

N/20  NaCl 

N/30  NaCl 

N/50  NaCl 

N/75  NaCl 

Distilled  water 

Full  nutrient  solution  as  the  solvent 

N/3  NaCl 

N/4  NaCl 

N/5  NaCl 

N/10  NaCl 

Nutrient  solution 

Soil  cultures 

N/1  NaCl 

N/2  NaCl 

N/3  NaCl 

N/5  NaCl 

N/10  NaCl 

Dbtilled  water 


0 

0 

0 

0.25 

0.50 

3.00 

6.00 


0 

0 

0 

0 

1.00 

2.00 

7.00 


0 

0 

0 

0 

0 

3.50 

8.00 


0 

0 

1.00 

6.00 

7.50 


0 

0 

2.00 

7.00 

8.50 


0 

1.00 
9.00 
9.00 


0 

2.00 

8.00 

10.00 


0 
0 

Slight 
6.50 
6.00 


0 
0 

Slight 
7.00 
6.50 


Harter  (1905)  gives  .054  N  as  the  average  limit  of  pure  solutions  of 
sodium  chlorid  for  several  varieties  of  wheat.  In  his  experiments  the 
roots  of  the  seedlings  were  in  contact  with  the  solutions  only  twenty- 
four  hours.  This  undoubtedly  accounts  for  the  higher  values  that  he 
obtained. 
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Toxicity  of  magnesium 
Magnesium  has  long  since  been  considered  as  injurious  to  plants  when 
calcium  is  absent  from  the  media  or  present  in  relatively  small  amounts. 
It  is  to  be  noted  that  the  lethal  concentration  of  magnesium  ions  in  dis- 
tilled water  with  respect  to  the  roots  of  seedlings  is  at  a  dilution  several 
times  greater  than  that  of  either  sodium  or  potassium.  Wheat  seedlings 
are  more  resistant  to  this  element  than  are  pea  seedlings.  No  root  growth 
occurs  with  peas  in  solutions  composed  of  N/500  MgCls,  but  slight  elon- 
gation of  the  roots  of  wheat  seedlings  takes  place.  The  following  data 
verify  the  above  statements: 


TABLE  4. 


EzpnumBNTB  with  Pea  and  Whbat  SraouNGs,  Coktinubd  roR  Thibtt  Days. 
Data  fob  Ten  Plants 


Compoation  of  solutioii 


Pea 


Increftse 

in  length 

of  tops 

(oentimetera) 


Increase 

in  length 

of  roots 

(cefltimetefs) 


Wheat 


Increase 

in  length 

of  tops 

(centimeters) 


Increase 

in  length 

of  roots 

(centimeters) 


Distilled  water  as  the  solvent 

N/60Mga, 

N/100  Mga. 

N/300  MgCl, 

N/500  Mga« 

N/1.000  Mga, 

Distilled  water 

Full    nutrioit  solution  as    the 
solvent 

N/4MgCI, 

N/6  Mga. 

N/6  Mga. 

N/lOMgCl. 

Nutrient  solution 


2.0 
2.0 
3.0 
3.5 
6.0 
6.0 


0 
0 
0 
0 
Slight-dead 
7:0 


0.6 
4.0 
6.0 
7.0 
7.0 
7.0 


0 

0 

0 

2.0 

60 

6.0 


0 

2.0 
3.0 
6.0 
7.5 


0 
Slight 
1.6 
7.0 

8.6 


0 

Slight 
3.0 
7.0 
9.0 


0 

1.0 

4.0 

8.0 

10.0 


In  working  with  several  varieties  of  wheat,  Harter  (1905)  ascertained 
that  considerable  differences  exist  between  the  varieties  in  their  power  to 
resist  the  poisonous  action  of  various  ions.  In  determining  the  limit  for 
any  one  variety,  he  took  as  the  lethal  concentration  the  one  in  which 
about  one  half  of  the  seedlings  lived  and  one  half  died  after  remaining  in 
the  solutions  for  twenty-four  hours.    The  average  lethal  concentration 
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for  magnesium  chlorid  was  found  to  be  N/1 10  (.0093  N),  which  is  much 
more  concentrated  than  the  values  obtained  by  the  writer  for  seedlings 
that  remained  in  the  solutions  for  ten  days. 

ToxicUy  of  ammonium 
Roots  of  both  pea  and  wheat  seedlings  are  especially  sensitive  to 
ammonium  in  distilled  water,  slight  elongation  of  the  roots  of  either 
taking  place  in  N/1000  NH4CI.  However,  much  stronger  solutions  are 
required  in  order  to  prevent  top  growth;  for  example,  top  growth  is 
evident  in  solutions  of  N/20  NH4CI. 


TABLE  5.    ExPERiMKNTB  WITH  Pea  and  Wheat  Seeounos. 

Data  for  Ten  Plants 


Duration,  Ten  Date. 


Compoation  of  solution 


Pea 


Increase 
in  length 
•   of  tops 
(centimeters) 


Increase 

in  length 

of  roots 

(centimeters) 


Wheat 


Increase 

in  length 

of  tops 

(centimeters) 


Increase 

in  length 

of  roots 

(centimeters) 


Distilled  water  as  the  solvent 

N/5NH4CI 

N/10NH«C1 

N/2ONH1CI 

N/3ONH4CI 

N/50NH«C1 

N/100  NHiCl 

N/500  NH4CI 

N/1,000  NHXJl 

Distilled  water 

Full    nutrient   solution    as   the 
solvent 

N/3NH«C1 

N/4NH1CI 

N/6NHX;i 

N/lONHiCl 

Nutrient  solution. 

Sofl  cultures 

N/3  NH4CI 

N/6NH4CI 

N/IONH4CI 

Distilled  water 


0 

0 

0.6 

1.0 

1.0 

2.0 

3.0 

3.0 

6.0 


0 
0 
0 
0 
0 
Very  slight 
Very  slight 
Very  slight 
7.6 


0 

0 

1.0 

1.6 

3.0 

5.0 

8.0 

8.0 

7.0 


0 
0 
0 
0 
0 
Very  slight 
2.0 
2.6 
6.6 


0 

Slight 

Slight 

2.5 

7.5 


0 

3.0 
6.6 
7.0 


0 

1.6 

3.0 

4.0 

8.5 


0 

2.6 
4.0 
7.6 
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TaxicUy  of  barium 
The  writer  has  presented  data  by  means  of  which  it  was  demonstrated 
that  barimn  ions  when  present  in  distilled  water  are  extremely  deleterious 
to  pea  seedlings.  The  data  given  below  lend  further  emphasis  to  this 
point.  Although  N/4000  BaCls  is  the  lethal  concentration  for  roots  of 
pea  seedlings,  great  injury  results  from  far  more  dilute  solutions.  It 
will  be  noted  in  Table  6  that  N/10,000  BaCU  retards  root  development. 
In  a  full  nutrient  solution  the  same  root  retardation  is  secured  only  with 
N/20  BaCls.  The  toxicity  of  barium  is  of  course  greatly  depressed 
when  present  in  full  nutrient  solutions  or  in  soil  cultures. 


TABLE  6. 


EzraRnnBiTT  wttr  Canada  Fixld  Pea  Sbbdunos. 
Data  iob  Ten  Plants 


Dttration,  Ten  Days. 


CompoAtioD  of  sohitioo 


Increaaein 
length  of  tope 
(oentimeteni) 


Increaaein 
length  of  roots 
(centimeters) 


Distilled  water  as  the  solvent 

N/3,000  BaCl. 

N/4,000  BaCl, 

N/6,000  Baa, 

N/10,000  BaCl. 

Distilled  water 

Full  nutrient  solution  as  the  solvent 

N/6  BaCl, 

N/10  Baa, 

N/20  BaCl, 

N/100  BaCl, 

Control 


Toxicity  of  ^ontium 
Strontium  exhibits  a  rather  unusual  behavior  toward  seedlings.  Com- 
paratively dilute  solutions  in  distilled  water  are  extremely  injurious,  but 
very  strong  solutions  are  required  in  order  to  prevent  growth.  For 
example,  N/2000  SrCU  greatly  retards  the  growth  of  the  roots  of  pea 
seedlings,  but  roots  are  not  killed  when  placed  in  solutions  of  N/7  SrCls, 
sli^  development  resulting. 
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TABLE  7.    EzFBBnraNT  wrra  Canada  Fixlo  Pba  Bmmdumqb.    Duratiov,  Tkv  Datb. 

Data  iob  Tkn  Plamtb 


Ck>mpo8ition  of  solution 
(Distilled  water  as  the  solvent) 


N/5Sra. 

N/7  8ra, 

N/lOSra, 

N/500  Sra,.... 
N/1,000  SrCl... 
N/2,000  SrCl,. . 
N/5,000  Sra,.. 
Distilled  wateTv 


Increase 

in  length 

of  tops 

(centimeters) 


Increase  in  length  of  roots 
(oentimeters) 


0 

Slight 

Slight 

Slight,  no  lateral  roota 

1.25  No  Uteral  roots 

2.50  Lateral  roots  very  short 

5.00  Ijateral  roots  medium 

6.25  Lateral  roots  medium 


Little  discuBsion  of  the  results  obtained  with  full  nutrient  and  soil 
cultures  is  required,  since  the  results,  with  the  exception  of  strontium 
and  barium^  are  so  nearly  uniform.  The  lethal  concentrations  of  the 
various  bases  are  practically  identical,  namely,  N/3  to  N/5.  As  a 
rule  the  seedlings  withstand  slightly  stronger  solutions  when  pres^it  in 
soil  cultures.  Of  course,  with  longer  duration  of  the  experiments  many 
concentrations  that  have  not  proved  injurious  would  become  so. 

INFLUENCE  OP  PREVIOUS  CONDITIONS  OF  GROWTH  ON  THE  RESISTANCE  TO 
THE  TOXICITY  OF  VARIOUS  IONS 

Pea  seedlings  were  grown  for  ten  days  in  distilled  water,  full  nutrient 
solution,  and  tap  water,  in  order  to  determine  whether  age  and  the 
composition  of  the  media  influenced  the  resistance  of  seedlings  to  various 
ions.  At  the  end  of  this  period  the  seedlings  were  removed,  carefully 
washed  with  distilled  water,  and  placed  in  pure  solutions  of  various  salts. 
Final  notes  were  taken  three  days  later.  In  general  it  may  be  said  that 
older  seedlings  are  more  resistant  than  young  ones;  for  example,  the  roots 
of  young  seedlings  are  killed  by  N/50  NaCl,  whereas  the  roots  of  older 
seedlings  withstand  much  stronger  solutions.  The  composition  of  the 
media  has  little  influence  on  the  resistance  of  the  seedlingB,  as  may  be 
seen  from  the  data  summarized  in  Table  8. 
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Distilled  water 

Full  nutrient  aolutioD 

Tap  water 

NaCl 

Naa 

Naa 

N/10  dead 

N/15  dead 

N/20  wUting  (alight  growth) 

N/50  good 

N/10  dead 
N/15dyins 
N/20  growing 

N/10  dead 
N/15  dying 
N/20  growing 

KQ 

KCl 

KCl 

N/5  dead             '*:> 
N/7  dead 
N/10  growing 

N/5  dead 

N/7  dead  (alight  growth) 

N/10  growing 

N/5  dead 

N/7  dead  (slight  growth) 

N/10  growing 

NH/:i 

NH4a 

NH.C1 

N/20  dead 

N/25  tipe  of  leaves  dying 

N/50  growing 

N/10  dead 

N/25  growing — injured 

N/50  growing 

CaCU 

CaCl, 

CaCl, 

N/3  dead 
N/5  growing 
N/10  good 

N/3  dead 
N/5  growing 
N/10  good 

N/3  dead 

N/5  growing 

N/10  good           '"  '■  ' 

Mga« 

Mga« 

Mga, 

N/10  dead 
N/20  dead 
N/50  good 

N/10  dead 
N/20  dying 
N/40gromng 

N/10  dead 
N/20  dying 
N/40  growing 

MnClt 

MnCl, 

MnCl, 

N/25  dead 
N/50  dead 
N/100  dying 
N/200  alight  growth 

N/25  dead                 '    » 
N/50      tope      dead,      roots 

medium  *   •  1' •  -"a:  »■ 
N/75     iopd    injured,     roots 

medium 
N/100    tope    injured,    roots 

medium 

N/25  dead 

N/75  tops  dead,  roots  Alive 

N/100    tops    slight    growth 

dead;  roots  alive 
N/200  tops  not  injured 

BaCl, 

BaCl, 

BaCl.              't 

N/100  dead 
N/300  dead 
N/500  alight  growth 

N/100  dead 

N/300  sUght  growth 

N/500  growing 

N/100  dead                      v 
N/200  dead 
N/300  slight  growth 
N/500  growing 
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INFLX7ENGB   OF   CERTAIN   SALTS   ON   GBRIIINATION   OF   CANADA   FIELD   FBA 

SEED 

Eixpeiimeiits  have  been  conducted  also  to  determine  the  influmice  of 
various  substances  on  the  germination  of  pea  seed.  These  experiments 
eomimsed  two  series:  in  the  first  series  the  effect  of  steeping  the  seed  in 
pure  solutions  of  the  substances  was  determined;  in  the  second,  the  effect 
of  adding  the  solutions  to  a  given  soil  was  ascertained. 

The  procedure  in  the  first  series  was  as  foUows:  Fifty  uniform  seeds 
were  chosen  and  were  steeped  for  twenty-four  hours  in  200  cubic  centi- 
meters of  pure  solutions  of  each  substance  to  be  studied.  Following 
this  treatment  the  seeds  were  removed,  carefully  rinsed  in  distilled  water, 
and  placed  between  filter  papers  over  moistened  sphagnum.  When  the 
roots  of  the  control  seed  —  those  steeped  in  distilled  water  for  twenty- 
four  hours —  had  grown  to  about  two  inches  in  lengUi  final  notes  w&e 
taken. 

The  conditions  for  germination  were  identical,  inasmuch  as  the  treated 
seeds  and  the  controls  were  placed  in  the  same  germinating  pan.  Ordi-' 
nary  room  temperatures  were  maintained.  The  results  obtained  are 
summarised  in  the  following  table: 


TABLE  9.    Thb  ErFscr  or  Cbbtain  Saiab  on  Gbbmination 


Experiment  with  CaCU 

Steeped  for  twenty-four  hours 
in  following  solution 

Percentage 

of 
germination 

Notes  on  oondition  of  roots 

DistUled  water 

96  to  98 

10 

95 
.   96 

Uniform   sermination.     Roots  6^25  oenl^ 

N/lCaCl* 

meters  in  length 
Roots  about  .6  centimeter   in   length,  en- 

N/3CaCl*  

larged,  tips  dead 
Roots  about  1^  oentimeter  in  length 

N/5Csa« 

No  injury 
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Experiment  with  MgClt 


Steeped  for  twenty-four  hours 
m  following  eohitkm 

Ftoroentage 

of 
germination 

Notes  on  oonditkm  of  rooti 

DMUed  water 

96  to  98 

8 
95 

96 

96 

Uniform   cermination.     Roots  6^  oenti- 

N/1  MgClt 

meters  in  length 

N/3M«Clf 

N/5McCls 

long,  curled 
Great  injury.    Roots  1.22  centimeter  long, 

curled 
Slight  injury.    Roots  5  ceotimeten  in  lencth 

N/10  MgClt 

Experiment  with  KQ 

Steeped  for  twenty-four  hours 
hi  following  solution 

Percentage 

of 
germination 

Notes  on  condition  of  roots 

DMUed  water 

96  to  98 

5 
96 

96 

97 

Uniform  germination.     Roots  6.25  oenti- 

N/lKCl 

meters  hi  length 
Dead 

N/3Ka 

Three  roots  an  normal,  remainder  show 

N/5Ka 

great  injury,  1.25  centimeter  long 

N/lOKCl 

long 
No  injury 

Experiment  wi^  NaQ 

Steeped  for  twenty-four  hours 
in  following  sohition 

Percentage 

of 
germination 

Notes  on  condition  of  roots 

DMUed  water 

96  to  98 

0 
90 

95 

96 

Uniform   germination.     Roots  6.25  centi- 

N/1 Naa 

meters  in  length 

N/3Naa 

N/6  NaCl     

long 

long 
No  appreciable  faijury 

N/lONaCl 
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Experiment  with  NH/^1 


Steeped  for  twenty-four  hours 
In  following  solution 

Percentage 

of 
germination 

Notes  on  eondition  of  roots 

Distilled  water 

96  to  98 

0 

0 

30 

76 

80 

0<yniifmijnn   unlfornn.     Hootiii   6r25   ecnti- 

N/1  NHXl 

meters  long 

N/3NH4CI 

N/5NHX1 : 

Roots  riiow  sreat  iniurv 

N/10NH«a 

N/20NH«a 

Roots  show  alight  injury 

Experiment  with  MnCU 


Steeped  for  twenty-four  hours 
in  following  solution 

Percentage 

of 
germination 

Notes  on  condition  of  roots 

Distilled  water 

96  to  98 

6 
94 

96 
97 

98 

OfirmifiAiinn   uniform.     Roots  6*26   oenti- 

N/1  MnCli 

meters  long 
Roots  dead,  barely  emerged 
Great  injury.    Roots  .6  to  1^26  centimeter 

long 
Great  injury.    Roots  1.26  centimeter  long 
Two  roots   are   about   normal,   remainder 

N/3MnCl» 

N/6MnCli 

N/10  MnClt 

N/60  MnCls 

show  great  injury 
Twenty-five  roots  are  about  nOTmal,   re- 
mainder show  m  jury 

The  ions  of  magnesium,  sodium,  potassium,  and  calcium  are  injurious 
in  the  order  given,  magnesium  being  only  slightly  more  harmful  than  either 
sodium  or  potassium.  Of  the  salts  tested,  NEUCI  alone  inhibits  germi- 
nation at  N/3  concentration. 

In  general  these  results  are  similar  to  those  obtained  by  Magowan 
(1908),  who  germinated  wheat  seeds  in  pure  solutions  of  certain  salts 
and  allowed  them  to  remain  in  the  solutions  for  thirty  days.  It  was 
found  that  magnesium  chlorid,  sodium  chlorid,  potassium  chlorid,  and 
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calduzn  ehlorid  are  toxic  in  the  order  given.    The  results  obtained  I^ 
Magowan  are  pres^ited  in  the  foUowing  table: 


m  m 

.04  m 

.06  m 

.08  m 

.12  m 

.18  m 

MgCls 

446 
462 
552 

321 
383 
386 

1501111 
210 
220 
249 

lOmm 
134 
144 
168 

QQUQ 

54 
63 
84 

0mm 

NaCI 

24 

Kca 

31 

CaCli 

48 

Ammonium  and  manganese  ions  are  far  more  deleterious  than  the  above. 
Seeds  steeped  in  N/20  NH4CI  show  slight  injury,  while  those  steeped  in 
N/50  MnCU  are  greatly  injured.  Whether  these  variations  are  due  to 
the  differaice  m  penetrability  of  the  seed  covering,  the  writer  is  unable 
to  judge  from  the  data  that  he  has  obtained. 

The  procedure  in  the  second  series  of  experiments  was  as  follows:  Two 
hundred  and  fifty  grams  of  air-dry  soil  (volatile  matter  3.45  per  cent) 
was  placed  in  glass  tumblers.  Ten  uniform  pea  seeds  were  placed  in 
each  tumbler,  about  one  inch  below  the  surface  of  the  soil.  One  hundred 
and  twenty-five  cubic  centimeters  of  the  solutions  to  be  studied  was 
added  to  each  tumUer  of  soil.  The  chlorids  of  ammonium,  magnesium, 
potassium,  and  calcium  are  injurious  in  the  order  given.  These  results 
suggest  that  fertilizers  should  be  judiciously  applied  to  soils. 

TABLE  10.    Germination  of  Sesd  in  Soil  as  Affbci^d  bt  Sai/tb 
Experiment  with  CaCU 


Compositioii  of  solutioiv 

Length 

of  tops 

(centimeters) 

Length 

of  roots 

(centimeters) 

Notes  on  condition 
of  roots 

Control 

7.50 

0 

0.60 

1.25 

7.50 

8.9  branched 

0 

1.25 

3.75 

7.00 

N/1  CaClt 

N/3  CaClt 

Dead.    Few  lateral  roots 

N/6  CaClt 

Dead.    Few  lateral  roots 

N/10  CaCls 

No  iniurv 

62 
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Ezperimeiit  with  MgCls 


CompoatioD  of  solutkm 

Leogtii 

of  tops 

(oentimeters) 

Length 

of  roots 

(oeatimeterB) 

Notes  on  oonditum 
of  roots 

N/3  MgCU 

0 

Sli^t 
1.25 
2.50 

0 

SKght 
5.00 
8.75 

N/5MifCli 

Lateral  roots  very  short 

N/10  MsCU 

N/20Mga. 

No  injury 

Experiment  with  KCl 


Composition  of  solution 


Length 

of  t^ 

(oentimeters) 


Length 

of  roots 

(oentimeterB) 


Notes  on  condttioa 
of  roots 


N/1  Ka. 

N/3  KQ. 
N/5  KCl. 
N/10  KCl 


6 
0. 

1.25 
1.25 


0 
0 

2.50 
5.00 


Great  injury 
Slight  injury 


Experiment  with  NH«C1 

Composition  of  solution 

Length 
of  tops 

Length 

of  roots 

(oentimeters) 

Notes  on  condition 
of  roots 

N/3NH,C1 

0 
0 

1.85 
2.50 

0 
0 

5.00 
5.25 

N/5NHiCl 

N/lONHiO 

Slight  injury 
No  injury 

N/20NHXa 

CONCLUSIONS 

Barium,  strontium,  ammonium,  magnesiiun,  sodium,  and  potassium^ 
in  the  order  given,  when  present  in  pure  solution  are  very  toxic  to  seed- 
lings. This  toxicity  is  greatly  reduced  by  either  full  nutrient  solutions 
or  soil  cultures. 
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Under  the  oonditions  of  the  experimentB  much  stronger  scdutions  are 
required  in  order  to  prevent  top  growth  than  to  kill  the  roots  of  seedlings. 

Seedlings  that  have  been  grown  for  ten  days  in  either  distilled  water, 
tap  water,  or  full  nutrient  solutions  are  far  mcMe  resistant  to  any  toxicant 
studied  than  are  those  that  are  placed  immediately  in  the  toxic  solutions. 
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CIRCULAR  No.  13 


CORNELL   UNIVERSITY 

AGRICULTURAL  EXPERIMENT   STATION   OF 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Daiiy  Industry 


PROPAGATION  OF  STARTER  FOR   BUTTER  MAKING  AND 
CHEESE  MAKING 

E.  8.  Guthrie  ANb  W.  W.  Fisk 
(Revision  of  Circular  10) 

A  starter  is  a  material  containing  desirable  bacteria  for  the  ripening, 
or  souring,  of  dairy  products.  These  bacteria  may  be  purchased  of  com- 
panies whose  advertisements  appear  in  the  dairy  journals.    The  growing 


Fig.  I  .^Barrel  and  shotgun  can  and  aptator 

of  the  bacteria  in  whole  milk  or  in  skimmed  milk  is  known  as  starter 
mak^. 

The  method  presented  may  sometimes  be  varied  and  still  good  results 
be  secured,  but  a  beginner  ^ould  not  experiment  until  he  fully  under- 
stands  the  principles  involved  in  the  propagation  of  starter^ 

[837] 
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APPARATUS 

In  the  cultivation  of  starter  the  usual  practice  is  to  carry  the  starter 
from  day  to  day  in  a  small  quantity,  which  is  more  carefully  handled  than 
the  major  part.  This  small  amount  of  starter  is  termed  "  mother  starter." 
The  choice  of  containers  for  mother  starter  depends  largely  on  conditions 
and  on  the  preference  of  the  operator.  Glass  is  somewhat  preferable,  for 
through  it  dirt  is  easily  detected  and  the  condition  of  the  curd  is  readily 
noted.  Two  or  three  bottles  should  be  used,  for  in  pasteurization  they 
may  break.  Metal  holders,  as  copper  properly  tinned,  or  heavy  tin,  may 
be  used.  It  is  alwa3rs  wellto  use  a  sufficient  number  of  containers  so  that 
careful  selection  is  possible. 

Usually  it  is  necessary  to  propagate  the  mother  starter  two  or  three 
times  before  the  flavor  of  the  commercial  culture,  which  is  often  very  dis- 
agreeable, will  disappear. 

STEPS  IN  PROPAGATJON  OP  MOTHER  STARTER 

1.  Take  three  one-quart  bottles  or  fruit  jars.* 

2.  Use  fresh,  clean  milk,  which  must  have  a  good  flavor.  It  may  be 
either  whole  milk  or  skimmed  milk.  Usually  it  is  advisable  to  use  whole 
milk,  for  it  is  easier  to  choose  desirable  samples  before  milk  has  passed 
through  the  separator  than  afterward. 

3.  Fill  the  containers  one  half  to  two  thirds  full  of  milk.  If  they  are 
filled  full  it  is  difficult  to  prevent  contamination  from  the  covers,  which 
are  hard  to  sterilize  when  the  pasteurization  is  done^in  hot  water. 

4.  Protect  the  containers  with,  regular  covers  (caps  or  tops). 

5.  Pasteurize  by  heating  to  a  temperature  of  180' to  200**  P..  for  thirty 
minutes  or  longer,  and  then  cool  to  ripening  temperature  of  60  to  75**  P. 
Pasteurization  may  be  accomplished  by  tying  a  string  about  the  necks 
of  the  bottles  and  suspending  them  in  a  pail  or  vat  heated  by  steam  or  in 
a  kettle  or  dish  heated  on  a  stove.  (If  pasteurized  over  a  fire,  do  not  let 
the  bottles  rest  on  the  bottom  of  the  receptacle.)  Other  supports  may  be 
used  to  keep  the  containers  from  tipping  over.  If  glass  containers  are 
used,  the  temperature  should  be  raised  and  reduced  slowly  in  order  to 
prevent  breaking. 

6.  After  pasteurization  the  milk  is  ready  for  inoculation.  Inoculate 
in  a  quiet  place  where  the  wind  cannot  blow  dirt  and  bacteria  into  this 
dean  seed  bed.    With  dry  ^gers  remove  the  cover  and  place  it  in  a  clean 

•  spot.    Pour  in  all  of  the  commercial  culture,  or  two  to  ten  per  cent  from 
the  previous  day's  culture.* 

7.  Ripen  at  about  60  to  75**  P.  The  first  inoculation  from  the  com- 
mercial culture  should  be  ripened  at  about  70  to  85®  P.  The  smaller 
inoculations  require  higher  temperatures  than  do  the  larger  inoculations. 
By  experience  an  operator  can  soon  learn  what  inoculation  and  tempera- 
ture £ould  be  used  to  ripen  his  starter  in  a  given  tune.    Usually  a  i  to 

t  Luger  receptacki  may  b«  nied  if  detind.    ... 

>  The  amount  of  ripened  atarter  for  inoculation  can  be  meanared  accurately  in  a  vessel,  such  as  a 
sterilised  cup  or  spoon,  or  it  can  be  determined  rather  clos^  by  the  eye.  Place  the  thumb  above  the 
milk  line  in  the  bottle  to  be  inoculated,  in  this  way  measuring  the  amount  to  add.  and  raise  the  milk 
line  to  that  mark  by  pouring  in  the  ripened  starter.  Be  sure  that  the  curd  from  the  previous  day  is  well 
bfokHL    Aft«riaoralation»ahaketha  freshly  inoculated  sampU  10  M  to  diflfibtttathabaetMiai 
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8  per  cent  inoculation  will  ripen  a  starter  in  twelve  hours  at  about 
65    P.     The  temperature  must  be  fairly  constant. 

8.  The  starter  is  ripe  when  a  curd  forms.  This  curd  should  be  soft 
and  like  custard  in  appearance;  it  should  not  be  hard  and  firm. 

9.  When  the  starter  is  ripe  it  should  be  used  at  once.  If  this  cannot 
be  done,  cool  to  50°  F.  or  lower.  Do  not  shake  the  starter  before  putting 
it  in  storage. 

10.  On  examination  the  curd  should  be  smooth  and  compact,  without 
gas  pockets.  Gas  shows  the  presence  of  undesirable  bacteria.  A  hard, 
Itmipy  curd,  whey,  and  high  acid  show  overripeness,  which  is  very  undesir- 
able. After  the  state  of  the  curd  is  noted,  shake  well  to  break  it  into  a 
smooth,  limipless  condition.  Shake  with  a  rotary  motion,  being  careful 
not  to  touch  the  cap  for  fear  of  contamination.  Now  smell  and  taste  it, 
but  never  from  the  starter  container;  always  pour  some  of  the  curd  into 
a  spoon  or  cup  and  then  replace  the  cover  immediately.  After  smelling, 
it  is  best  to  put  at  least  a  teaspoonful  into  the  mouth.  Seek  for  a  desirable, 
clean,  mild,  acid  flavor.  The  first  propagation  is  likely  to  be  somewhat  dis- 
agreeable because  of  the  presence  of  some  of  the  original  mediimi. 


DIRECTIONS   FOR   USE   IN  A    CREAMERY 

In  a  creamery  or  a  large  dairy  it  is  necessary  to  carry  more  than  a  pint 
or  a  quart  of  starter.  Along  with  the  mother  starter  a  second  starter  of 
ten  to  fifty  poimds  may  be  carried.  After  the  mother  starter  in  the  glass 
container  is  inoculated,  the  remainder  of  the  previous  day's  mother  starter 
is  poured  into  the  second  starter,  and  the  cream  is  inoculated  from  the 
second  starter.     In  large  creameries,  third  and  fourth  starters  are  carried. 

The  improved  starter  can  is  a  labor  saver,  but  not 
an  absolute  necessity.  It  may  be  used  to  advantage 
when  circumstances  warrant  it.  Some  starter 
makers  prefer  to  use  shotgim  cans;  others  like  the 
regular  ten-gallon  milk  cans.  In  either  of  the  two 
last-named  cases  the  temperatures  can  be  easily 
controlled  for  pasteurization  and  ripening  by  plac- 
ing the  cans  in  a  barrel  or  in  a  plank  box.  During 
pasteurization  it  is  necessary  to  agitate  the  milk.  In 
this  larger  quantity  the  pasteurization  temperature 
need  not  be  above  180°  F.  for  twenty  or  thirty 
minutes.  Care  should  be  exercised  not  to  give  the 
milk  a  pronoimced  cooked  flavor;  otherwise  this 
larger  quantity  of  starter  should  be  handled  in 
the  same  manner  as  is  the  mother  starter. 

It  is  necessary  to  use  a  larger  inoculation  from 
starter  to  cream  than  from  starter  to  starter,  because 
the  seed  bed  is  not  so  well  prepared.    The  inoculation  of  the  cream  may 
vary  from  8  to  50  per  cent. 

A  starter  may  be  carried  two  to  four  weeks  before  it  goes  **  off.*'  Often 
it  is  carried  several  months,  and  often  less  than  two  weeks.  This  depends 
almost  altogether  on  the  carefulness  of  the  operator. 


Fig.  2. — Improved  siarter 
can 
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DIRECTIONS  FOR  USB  ON  A  FARM 

On  a  farm  the  cream  might  be  handled  in  the  following  manner:  Sup- 
pose the  dairyman  separates,  each  half  day,  ten  pounds  of  cream  testing 
about  thirty-five  per  cent  butter  fat.  On  Monday  a  new  starter  of  about 
two  thirds  of  a  quart  is  inoculated  from  a  starter  that  has  been  held  from 
Friday  or  Saturday.  The  remainder  of  the  held-over  starter  is  put  in 
the  ten  poimds  of  cream.  The  cream  is  then  set  at  about  65**  P. ;  it  may 
have  to  be  set  in  a  cooler  place  before  evening.  In  the  evening  ten  pounds 
more  cream  are  added,  and  all  the  cream,  which  is  now  in  the'  one  vessel, 
is  set  at  about  60°  F.  On  Tuesday  morning  add  the  morning's  cream  and 
set  at  60  to  65**  F.,  as  during  the  day  it  is  more  convenient  to  watdi  the 
ripening  process  than  at  night.  In  the  evening  add  the  evening's  cream 
and  set  at  58  to6o®F.,  for  by  this  time  there  is  a  very  large  army  of  bacteria 
at  work.  On  Wednesday  morning  chum  the  forty  pounds  of  cream  and 
start  the  ripening  process  anew  with  Wednesday's  cream. 

It  is  important  not  to  develop  too  much  acid.  The  amount  of  inocu- 
lation and  the  temperature  must  be  managed  so  as  to  gain  a  certain  end 
tmder  certain  conditions. 

DIRECTIONS  FOR  USE   IN  A    CHEESE   FACTORY 

Starter  is  used  in  cheese  making  for  two  purposes:  first,  to  improve 
the  flavor  of  the  resulting  cheese;  and  second,  to  hasten  the  development 
of  lactic  acid.  There  is  a  tendency  on  the  part  of  the  cheesemaker  to 
use  too  much  starter,  thus  hurrying  the  cheese-making  processes;  this 
reduces  the  jrield  of  cheese  and  is  likely  to  cause  an  acidity  cheese. 

The  starter  should  be  strained  into  the  vat  of  milk  so  that  there  will  be 
no  liunps,  since  liunps  cavise  tmeven  color  and  textme.  All  tlje  starter 
should  be  added  before  the  color  is  put  in.    . 

In  general,  from  .5  to  2  per  cent  of  good  commercial  starter  can  be 
safely  used.  If  the  milk  is  overripe,  a  small  percentage  can  be  added  just 
before  the  rennet  is  added.  This  will  not  hiury  the  process,  but  will 
improve  the  ^flavor.  If  the  milk  is  gassy  or  if  it  is  thought  that  the  starter 
will  work  slowly,  a  larger  percentage  may  be  used.  This  can  be  put  into 
the  milk  and  left  some  time  before  the  rennet  is  added,  so  that  it  will 
become  rather  activa  In  no  case  should  so  much  starter  be  used  that  the 
curd  does  not  have  time  to  contract  naturally  before  the  whey  is  removed. 
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CORNELL   UNIVERSITY 

AGRICULTURAL  EXPERIMENT  STATION    OF 

THE  COLLEGE  OF  AGRICULTURE 
DeiMurtment  of  Poultry  Husbandry 

WORKING  PLANS  OF  CORNELL  POULTRY  HOUSES 

C.  A.  Rogers 

This  circular  contains  working  plans  and  a  brief  explanation  of  several 
types  of  approved  poultry  houses  and  appliances.  Very  similar  designs 
have  been  shown  in  Reading-Course  Lesson  No.  33,  Circular  No.  i  of 
the  Department  of  Poultry  Husbandry,  and  Bulletin  274  of  the  Cornell 


Pig.  3. —  The  Cornell  breed-testing  house.  The  door  and 
windows  are  cased  over  the  siding.  The  exit  door  is 
boxed  in  so  as  to  prevent  drafts 

University  Agricultural  Experiment  Station.    All  these  publications  are 
now  out  of  print. 

The  poultry  houses  described  herein  do  not  represent  any  one  person's 
original  ideas.  They  are  the  result  of  a  compilation  of  the  suggestions 
and  ideas  of  several  members  of  this  department,  emanating  from  a  study 
of  other  types  and  styles  of  houses  recommended  and  in  use  in  other  parts 
of  the  country.  Opinions  on  poultry-house  construction  are  constantly 
changing  as  experience  shows  the  wisdom  of  placing  greater  emphasis 
on  different  principles  of  construction. 
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THE  CORNELL  BREED-TESTING  HOUSE 

The  building  shown  in  Pigs.  3,  4,  5,  and  6  is  a  colony  house  eight  feet 
square,  which  is  used  in  the  Cornell  breed-testing  work.  It  will  hold 
ten  to  fifteen  fowls.  This  type  of  house  is  suitable  for  a  small  flock  of 
breeding  fowls  or  for  young  chickens  on  the  fann,  and  is  especially  desir- 
able for  a  small  flock  in  the  village  or  town. 

A  cross-section  view  of  this  building  is  shown  in  Pig.  4.  There  are  two 
2X2-inch  perches  3  feet  6  inches  long.     These  perches  are  boxed  in,  so 


^ZB^SZSHZZZ. 


^'X^"^/// 


Fig.  4. —  A  cross-section  plan  of  the  Cornell  breed-testing  house.     Note  the  construction 
of  the  windows^  water-shed,  and  ventilating  doors  in  the  back  and  front  wails 

to  Speak,  on  all  sides  except  the  front.  The  rear  2X4-inch  plate  is  placed 
on  edge  so  as  to  allow  a  circulation  of  air  around  the  roosting  closet.  The 
front  end  of  the  closet  is  hinged  to  swing  back  against  the  side  wall  in 
summer. 

The  water  stand  is  made  of  slats  in  order  to  allow  the  filth  to  fall  to  the 
floor.  All  the  fixtures  are  raised  above  the  floor  so  as  to  give  greater 
floor  space,  to  make  cleaning  easier,  and  to  elevate  the  water  pan  and  other 
appliances  above  the  litter,  which  is  disturbed  when  the  fowls  are  at  work 
on  the  floor. 
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This  house  is  ventilated,  during  the  winter,  through  a  doth  ctutain  in 
the  door,  shown  in  Fig.  5.  During  the  summer,  greater  circulation  of 
air  can  be  obtained  by  opening  the  windows  in  front  and  the  small  door 
behind  the  perches,  and  by  dropping  the  adjustable  board  ventilator  in 
the  peak. 

Heavier  timbers  can  be  used  underneath,  if  desired,  to  serve  as  runners 
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Pig.  5. —  Front  elevation  of  the  Cornell  breed-testing  house.  Note  the  site  and  location 
of  ventilators  in  door  and  in  peak  between  rafters.  The  rafters  are  spaced  unevenly 
in  order  to  assist  in  the  interior  construction 

on  which  to  draw  the  house  from  place  to  place.    A  double  floor;  also, 
would  make  the  building  stronger,  tighter,  and  warmer. 

The  two  lower  windows  are  placed  outside  the  siding  and  cased  in  with 
lumber  of  their  own  thickness.  The  opening  in  the  siding,  over  which 
the  window  fits,  is  three  fourths  of  an  inch  smaller  on  each  side.  This 
projection  serves  as  a  stop  and  makes  a  tighter  construction.  The  upper 
window  fits  between  two  upright  timbers  and  swings  in  from  the  side. 
The  siding  and  casing  are  extended  three  fotai;hs  of  an  inch  inside  the  edge 
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of  the  window  sash,  to  serve  as  a  stop  and  a  wind  cover.  Between  the 
upper  and  lower  windows  there  is  a  water-shed  with  a  small  baseboard 
fastened  to  it  on  the  upper  side.  This  baseboard  is  similar  to  the  con- 
struction shown  in  Fig.  28.  The  wire  mesh  covering  the  windows  is  fas- 
tened to  the  outside  of  the  studding  before  either  siding  or  casing  is  placed. 


Fig.  6. —  Floor  plan  of  the  ComeU  breed-testing  house,  showing  the  location  of  different 

fixtures  and  timbers 

The  casings  for  the  door,  windows,  and  sides  are  placed  over  the  siding. . 

The  detail  of  the  trap  nest  and  broody  coop  used  in  the  breed-testing 
house  is  shown  in  Fig.  7.  The  nest  boxes  rest  on  a  axa-inch  platform 
and  are  hooked  to  the  rear  wall.  The  top  of  the  nest  serves  as  a  platfonn 
to  catch  the  droppings  from  the  broody  coop.  The  platform  is  loose  so 
that  it  can  be  drawn  out  for  cleaning.    The  bottom  of  the  broody  coop 
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7. —  A  cross-section  and  front  elevation  of  the  trap  nest  and  broody  coop  used  in  the 
Cornell  breed-testing  house.     There  are  three  nests  below  and  a  broody  coop  above 


Fig.  8. —  The  Cornell  poultry  house  with  pens  12  feet  square.  There  is  a  door 
in  the  partition  between  pens.  The  doth  curtain  is  made  of  loosely  woven 
unbleached  muslin 
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consists  of  a  frame  covered  with  hsdf-inch  galvanized  hardware  doth. 
This  floor  is  fastened  to  three  boards  that  rest  on  the  droppings  platform. 


Fig.  9. —  A  cross-section  plan  of  the  Cornell  poultry  house  with  pens  12  feet  square.     Note 
the  ceiling  around  the  perches 
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Fta  IO.«-  Front  devotion  of  the  Comdl  poultry  house  with  pens  12  feet  square^ 
shewing  the  frame  construction 

It  also  is  portable.    The  2X2-inch  supports  and  framework  to  which  the 
wire  for  the  broody  coop  is  fastened  are  nailed  to  the  rafters  and  side  walL 
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THB  CORNELL  POULTRY  HOUSE  WITH  PENS  TWELVE  FEET  SQUARE 

A  comer  view  of  the  Cornell  poultry  house  with  pens  12  feet  sqtiare 
is  shown  in  Fig.  8  and  working  plans  of  it  are  shown  in  Pigs.  9, 10,  and  11. 


CROUr/D  PLjft4 


Fig.  II. —  Floor  plan  of  the  Cornell  poultry  house  with  pens  12 
feet  square,  showing  size  and  location  of  the  interior  fixtures 
and  timbers 


Fig.  12. —  The  broody  coop,  nests,  and  roosting  fixtures  in 
the  Cornell  poultry  house  with  pens  12  feet  square 
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This  house  is  reeommended  for  farm  flocks  of  i  Ity  to  seventy  fowls. 
For  such  a  flock  it  should  have  two  pens,  as  shown  in  Fig.  8.  This  makes 
it  possible  to  keep  the  old  fowls  separated  from  the  pullets,  or,  better 
still,  to  keep  the  best  fowls  for  breeding  in  one  pen,  separated  from  the 
others. 
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Fig.  13.—  The  improved: CMiil  trap  nest,  \7%%f  illustration  pictures^  a  nest  with  the 
medium-sized  tin  front,  ne  fronts  can  be  fnitde  by  any  tinsmith.  Care  should  be 
taken  to  use  a  balance  block,  heavy  enough  to  close  the  trap  when  partly  lifted 

The  size  of  the  muslin  curtain  should  be  varied  in  different  parts  of  the 
State.  The  size  of  the  curtain  shown  in  Fig.  8,  3  feet  4  inches  by  6  feet 
4  inches,  is  recommended  for  the  warmer  sections.  In  the  extremely  cold 
counties  a  curtain  only  4  feet  long  and  ai'pt:;^  feet  high  would  be  more 
satisfactory.    The  front  elevation  plan,  illustrated  in  Pig.  10,  shows  a 
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curtain  5  feet  long  and  2  feet  10  inches  high.     This  is  suitable  for  meditim 
temperatures. 
The  foundation  and  floor  of  this  house  are  of  concrete.    A  wall  6  inches 
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Fig.  14. —  The  single  catch  that  locks  the  tin  front  of  the  trap  nest 


Fig.  15. —  A  cross-section  plan  of  the  Cornell  poultry  house  with  pens  16  feet  square.     The 
summer  ventilator  extends  the  entire  length  of  the  pen 

thick  and  12  inches  high  (7  inches  above  the  ground)  is  built  above  a 
trench  filled  with  cobblestones.    The  trench  should  be  about  i  foot  deep, 
except  in  a  very  cold  climate  and  on  a  heavy  soil,  in  which  case  it  should 
63 
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be  deeper.  The  concrete  floor  is  2  inches  thick  and  consists  of  rough  con- 
crete, only.  This  is  made  of  one  part  of  cement  and  six  parts  of  meditun 
gravel;  or  one  part  of  cement,  two  parts  of  sand,  and  four  parts  of  screened 
gravel  or  stone.  These  are  mixed  together  imtil  the  mass  shows  a  uniform 
color,  then  water  is  added  and  mixed  in  until  the  whole  is  thoroughly 
wet.  This  mixture  is  then  tamped  into  place  and  the  surface  floated 
level  and  smooth  with  a  board  float.  If  a  smoother  finish  is  desired,  the 
surface  should  be  troweled  after  it  has  partly  dried  and  started  to  set.   The 
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Fig.  16. —  Front  elevation  of  the  Cornell  poultry  house  with  pens  16  feet  square.  The 
window  sashes  are  fastened  together  and  hinged  on  the  side  so  as  to  open  like  a  door, 
Windows  not  to  he  used  as  doors  are  covered  with  poultry-wire  netting 

concrete  rests  on  5  inches  of  cobblestones  and  gravel,  or  hard  cinders 
(not  coal  ashes).  This  coarse  material  separates  the  concrete  from  the 
moist  earth  and  keeps  the  moisture  from  coming  up  through  the  concrete. 
In  many  cases,  where  the  stone  and  gravel  filling  is  very  shallow,  or 
where  the  ground  is  very  heavy  and  damp,  it  is  well  to  insure  dryness 
by  using  tar  paper  beneath  the  concrete  or  by  adding  air-slaked  lime. 
When  using  tar  paper,  level,  dampen,  and  pound  down  the  gravel  filling. 
Sweep  a  light  coat  of  clear  sand  over  the  gravel  so  as  to  protect  the  paper 
from  being  cut  by  the  coarser  parts  of  the  gravel,  and  lay  over  this  smooth 
surface  one  thickness  of  one-ply  tar  paper  with  edges  overlapping  one 
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half  the  width  of  the  paper;  or,  better  still,  use  three  layers  of  one-ply  tar 
paper  with  a  coat  of  tar  paint  between  the  layers.  Over  the  tar  paper 
spread  the  2-inch  layer  of  rough  concrete,  as  described  above.  In  addi- 
tion to  preventing  the  upward  passage  of  water,  the  tar  paper  prevents 
the  downward  passage  of  heat,  thereby  providing  a  warmer  floor. 
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Fig.  17. —  Floor  plan  and  interior  arrangement  of  the  Cornell  poultry  house  with  pens  16 

feet  square 

When  moisture-proofing  the  concrete  with  lime,  add  an  equal  part  of 
air-slaked  lime  to  the  cement  and  mix  thoroughly  before  adding  to  the 
sand  and  gravel.  This  latter  method,  however,  does  not  give  so  strong 
and  satisfactory  a  floor  as  does  the  former. 

The  house  is  ventilated  in  winter  by  the  cloth  curtain,  and  in  summer 
by  a  small  door  at  the  top  of  the  front  side,  by  dpening  the  glass 
window,  and  by  the  small  door  at  the  top  of  the  back  side.  The  muslin 
curtain  is  hinged  on  the  outside  and  fastened  up  to  serve  as  an  awning 
during  the  hot  siunmer  months. 
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The  roosting  closet  is  enclosed  in  the  same  way  as  in  the  breed-testing 
house. 

.  The  partition  between  pens  should  be  made  of  wood  alone,  or  of  wood 
and  cloth.  The  cloth  should  not  be  used  where  there  is  likelihood  of 
striking  and  tearing  it  while  cleaning  the  pens. 

The  nests  are  located  beneath  the  droppings  platform,  and  rest  on  a 
table  attached  to  the  rear  wall.  The  nests  shown  in  Fig.  9  are  for  traps. 
A  nest  similar  to  those  shown  inFigs.  15  and  21  can  be  used  if  preferred. 

The  dust  box  used  in  this  house  is  enclosed  on  all  sides.  The  hens  enter 
it  through  a  small  opening  in  the  side.  The  covered  wallow  prevents  a 
great  deal  of  dust  from  getting  into  the  open  pen,  although  the  fowls 
will  often  leave  the  box  before  shaking  themselves. 

The  broody  coop  is  located  at  one  end  of  the  perches.  It  is  shown 
here  (Figs.  11  and  12)  with  slatted  bottom  and  wire  sides,  extending  from 
the  droppings  platform  to  the  ceiling.  A  perspective  view  of  this  coop 
is  shown  in  Fig.  12. 

THE    CORNELL  POULTRY   HOUSE   WITH  PENS   SIXTEEN   FEET   SQUARE 

The  working  plans  of  the  house  with  pens  16  feet  square,  shown  in  Figs. 
15,  16,  and  17,  illustrate  a  type  of  house  very  similar  to  the  house  with 
pens  12  feet  square.  The  16-foot  house  is  somewhat  larger,  holding 
about  seventy-five  hens  in  each  pen.  It  can  be  built  more  economically 
than  the  12-foot  house,  considering  its  capacity. 

There  are  two  windows  in  the  front  of  each  pen.  Each  window  is  made 
of  three  six-light  sashes,  8xio-inch  glass,  fastened  together  with  strips 
of  iron  or  wood.  The  windows  are  hinged  on  one  side  so  as  to  swing 
open  against  the  side  wall,  and  to  tise  when  cleaning  if  the  house  contains 
several  pens. 

The  doors  used  daily  are  in  the  end  and  partition  walls  of  the  house. 

In  Fig.  15  is  shown,  beneath  the  foundation  wall,  a  trench  much  deeper 
than  it  is  ordinarily  necessary  to  make. 

The  nests  in  this  house  are  located  underneath  the  droppings  platform. 
Behind  the  nests  there  is  an  enclosed  passageway  that  is  entered  at  either 
end.  Slide  doors  can  be  used  at  these  ends  to  be  closed  at  night  and  thus 
prevent  the  hens  from  returning.  The  eggs  are  gathered  through  a  door 
in  the  front.  A  more  detailed  plan  of  the  nest,  as  it  is  adapted  to  side- 
wall  use,  is  shown  in  Fig.  28. 

THE    CORNELL  POULTRY  HOUSE   WITH  PENS  TWENTY  PEET  SQUARE 

Although  it  is  commonly  believed  that  hens  give  greater  production 
when  kept  in  small  flocks,  there  is  abundant  evidence  of  the  satisfactory 
production  of  fowls  in  flocks  of  one  hundred  to  five  hundred  hens. 
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On  farms  where  a  large  number  of  fowls  are  kept  it  is  economical  to 
use  pens  of  relatively  large  size  and  keep  more  individuals  in  each  flock. 


Fig.  19. —  A  Cornell  feed  hopper  similar  to  the  one  shown 
in  Fig.  18,  adapted  to  outdoor  use.  There  are  no  doors 
over  the  feed  trough.  There  is  no  platform  and  the  trough 
is  elevated  only  2  inches  above  the  ground.  The  top 
projects  Offer  the  side  for  protection 

rather  than  to  have  a  greater  number  of  smaller  buildings.    There  is,  of 
course,  a  point  of  maximum  profit  between  the  saving  of  labor  in  the  man- 


FlG.  20. — A  cross-section  plan  of  a  Cornell  poultry  house  with  pens  20  feet  square.  Note 
that  all  fixtures  are  above  the  floor.  Two  12-foot  rafters  instead  of  one  21 -foot  rafter 
can  be  used,  in  which  case  the  ends  of  the  12-foot  rafters  would  side-lap  each  other  over 
the  center  support 

agement  of  large  flocks  and  the  greater  individual  production  of  small 
flocks.     This  point  of  greatest  efficiency,  it  is  believed,  lies  in  flocks  rang- 
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ing  from  one  hundred  to  five  hiindred  fowk  each,  housed  in  pens  twenty 
or  more  feet  deep.    A  pen  20  feet  square  will  provide  suflSdent  space 


Fig.  2 1. — A  cross-section  plan  of  a  Cornell  poultry  house  with  pens  20  feet  square,  adapted 
to  the  combination  roof  type  of  construction  and  interior  ceiling 

for  one  himdred  to  one  hundred  and  twenty-five  fowls.  In  Figs.  20  to 
26  are  shown  working  plans  of  various  types  of  houses  with  pens  20 
feet  square. 


Fig.  22. — A  cross-section  plan  of  a  Cornell  poultry  house  with  fens  20  feet  square, 
adapted  to  the  combination  roof  ana  ceiling  around  perches  only 

There  are  several  types  of  20-foot  houses  illustrated  in  this  circular. 
The  cross-section  plan  of  a  Cornell  poultry  house  with  pens  20  feet  square 
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is  illtistrated  in  Fig.  20.    In  Kg.  21  is  shown  the  cross-section  plan  of 
this  house  adapted  to  a  combination  roof  with  an  inside  reiling  of  matched 
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Pig.  23. —  Ffon/  elevation  of  a  Cornell  poultry  house  with  pens  20  feel  square.  This  has 
two  cloth  curtains t  making  it  possible  to  open  one  or  both  at  the  same  time.  The  windows 
shown  here  are  of  a  specuU  size  made  to  order.  Sashes  similar  to  those  shown  in  Fig. 
24  can  be  substituted 
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Pig.  24. —  Front  elevation  of  a  Cornell  pouUry  house  with  pens  20  feet  s^ttare,  adapted  to 

the  combination  roof 

Itmiber.     In  Fig.  22  is  shown  the  end  plan  of  a  similar  house  without  the 
ceiling.    The  interior  arrangement  and  equipment  of  these  pens  is  the 
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same  for  all  practical  purposes.  The  ceiling  in  the  house  illustrated  in 
Fig.  2 1  makes  the  pen  warmer  in  winter  and  cooler  in  simimer.  Where 
the  temperature  becomes  very  severe  at  times,  a  ceiling  of  tight  boards, 
or  of  loose  boards  or  wire  covered  with  straw,  is  desirable.    The  ceiling, 


Fig.  35. —  Floor  plan  of  a  Cornell  poultry  house  with  pens  20  feet  square,  showing  location 
and  dimensions  of  interior  fixtures 

however,  adds  to  the  expense  of  a  house,  and  where  the  temperature 
permits  it  should  be  omitted. 

In  this  type  of  house  it  is  possible  to  keep  the  flocks  separated  by  a 
complete  partition  of  boards  or  a  combination  of  cloth  and  boards,  as 
illustrated  in  Fig.  25,  or  to  use  three-quarter  partitions  and  allow  the 
flocks  to  mix,  as  illtistrated  in  Fig.  26. 
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In  extremely  cold  climates  it  is  well  to  tise  even  smaller  doth  curtains 
than  are  called  for  in  Figs.  23  and  24.  As  an  alternative,  a  wooden  door 
or  shutter  may  be  hinged  to  close  over  one  of  the  two  curtains.  TTie  wooden 
shutter  should  be  closed  during  the  coldest  weather  only. 

The  construction  of  the  20-foot  building  is  very  similar  in  principle  to 
that  of  the  16-  and  12-foot  buildings.  The  rear  plate  is  placed  on  edge 
so  as  to  allow  a  passage  of  air  between  the  studding  and  the  rafters.     The 
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Fig.  26. —  Ground  plan  of  a  Cornell  poultry  house  with  pens  20 feet  square, and**  three 
quarter  "  partitions  to  prevent  drafts  and  allow  greater  freedom  to  the  fowls 

cloth  curtains  are  hinged  at  the  top,  and  fit  tightly  at  the  bottom  over  a 
window  sill.  The  glass  windows  hinge  at  the  side  and  open  against  the 
side  wall,  to  be  used  as  doors  for  cleaning.  The  ventilator  in  the  back 
extends  the  entire  length  of  the  hotise.  The  ventilators  in  the  gable  ends 
of  the  house  are  kept  open  all  summer,  and  one  is  kept  partly  open  in  the 
winter.  The  stmmier  ventilators  in  the  back  are  made  perfectly  tight 
during  the  winter. 
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FEED-AND-WATER    CAR 

The  labor  of  caring  for  the  fowls  in  a  lotig  house  can  be  greatly  lessened 
by  the  tise  of  a  feed-and-water  car.     The  relative  location  of  such  a  car 


Fig.  27. —  A  Cornell  poultry  house  adapted  to  the  comhination  roof.  This  house  is  20 
feet  deep  and  no  feet  long.  It  has  a  lo-foot  feed  room  at  one  end.  Note  the  ventilator 
in  the  end 


Fig.  28. —  A  detailed  plan  of  the  siU  and  baseboard  construction  for 
a  cloth  curtain,  and  a  detail  of  nest  construction  for  side-wall  use 

is  shown  in  Fig.  21.     There  are  several  manufactured  cars  that  can  be 
used  satisfactorily  in  such  a  house.     The  homemade  car  illustrated  in 
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Pig.  29  is,  in  many  respects,  better  adapted  to  poultry  feeding  and  is  much 
cheaper  to  install.    A  separate  car  should  be  used  for  cleaning. 


SUMMARY 


There  is  no  type  of  poultry  building  best  suited  to  all  localities,  or  even 
to  any  one  locality.  Other  combinations  than  those  illustrated  here 
can  be  made  to  meet  special  conditions  with  perhaps  equal  satisfaction. 
On  farms  where  only  a  moderate-sized  flock  is  kept,  it  is  often  unnecessary 
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Pig.  29. —  A  detailed  plan  of  a  homemade  feed-and-water  car,  showing  the  method  of  sup- 
porting the  track.  Iron  hangers  support  the  2x4'inch  timbers  that  carry  the  barn- 
door track.  The  framework  of  the  car  is  made  of  wagon-tire  iron,  Ttuo  roller-bearing 
barn-door  rollers  carry  the  car  on  its  track.  The  size  of  the  feed  box  and  the  water  can 
may  be  varied  in  accordanu  with  the  needs  of  the  number  of  fowls  being  fed 

to  build  a  separate  house.  The  bam  basement,  especially  if  it  opens  to 
the  south  or  to  the  east,  can  be  remodeled  with  slight  expense  and  adapted 
to  the  needs  of  such  a  flock.  The  fowls  can  range  in  the  barnyard  during 
the  winter  and  in  an  adjoining  field  during  the  summer.  When  remodeling 
and  equipping  a  bam  or  basement,  the  same  principles  should  be  observed 
as  are  illustrated  in  the  foregoing  pages  of  this  circular.  Not  infrequently 
a  remodeled  basement,  with  proper  floor  drainage  and  ventilation  and  with 
hay  or  straw  in  storage  above,  makes  a  wanner  winter  and  a  cooler  summer 
pen,  and  withal  a  more  satisfactory  place  for  fowls,  than  the  more  elaborate 
poultry  house. 
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CORNELL  UNIVERSITY 

AGRICULTURAL  EXPERIMENT  STATION  OF 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Plant  Physiology 


LEGUME  INOCULATION 

Martin  J.  Prucha 

Dtiring  the  past  ten  years  much  interest  has  been  created  in  the  use 
of  atmospheric  nitrogen  by  bacteria  associated  with  the  legume  crops. 
The  Department  of  Plant  Physiology  '  ^ 
at  Cornell  University  has  received, 
within  recent  years,  a  considerable 
number  of  inquiries  with  respect  to 
the  subject.  These  inquiries  have 
been  particularly  concerned  with  the 
introduction  of  the  root-nodule-form- 
ing bacteria  into  fields.  Questions 
respecting  the  **  how  "  and  the  **  when " 
to  inoculate  have  been  numerous. 
Many  of  the  letters  reveal  the  fact 
that  the  writers  possess  vague  or 
erroneous  ideas  concerning  inoculation. 
During  the  past  few  years  the  De- 
partment has  been  investigating  the 
subject.  In  order  to  set  forth  briefly 
and  simply  the  essential  facts,  as  well 
as  to  call  attention  to  the  pure  cul- 
tures that  the  Department  is  now 
distributing,  this  circular  is  presented 
to  the  public. 

DIPPERBNCES   BETWEEN   LEGUMES  AND 
OTHER  PLANTS 

Legxmiinous  crops  are  very  rich  in 
protein.  Alfalfa  hay,  for  example,  is 
almost  as  rich  in  nitrogen  as  is  wheat 
bran.  In  fact,  all  the  leguminous 
crops,  whether  in  the  form  of  hay  or 
of  seed,  differ  from  other  crops  in  that  they  are  richer  in  nitrogen  content. 
They  are,  therefore,  very  valuable  crops. 

There  is  another  point  of  difference  between  legumes  and  other  plants. 
If  a  l^;uminous  plant  is  carefully  dug  up  and  the  coots  are  washed,  a 


Fig,  30. —  Root  of  soy  bean^  showinj 
nodules.     Natural  size 
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number  of  wart-like  swellings  may  be  seen  on  the  roots.    These  swellings 
are  commonly  called  nodules.    Photographs  of  the  roots  of  soy  bean, 

alf alfa,  and  Canada  field  pea  are  shown  in 
Figs.  30,  31,  and  32.  The  nodules  on  the 
roots  are  of  the  natural  size.  It  is  seen  that 
the  size  and  the  shape  of  the  nodtdes  vary 
with  the  different  legumes.  Under  certain 
conditions  very  large  nodules  nMiy  develop. 
In  Fig.  33  are  shown  roots  of  the  Canada 
field  pea  grown  in  a  loamy  soil,  the  nodtdes 
being  of  the  natural  size. 

Another  point  of  interest,  especially  to 
farmers,  is  the  fact  that  l^uminous  crops 
seem  in  some  way  to  add  a  little  fertility  to 
the  soil  on  which  they  are  grown.  For  many 
centuries  past,  farmers  have  observed  that 
non-leguminous  crops,  as  wheat,  com,  pota- 
toes, and  the  like,  grown  on  land  on  which 
clover  or  some  other  legume  was  raised  the 
year  before,  invariably  gave  a  better  yield.  It 
was  not  tmderstood  at  first,  but  scientific  study 
in  recent  years  has  shown  that  legumes  may 
add  a  certain  amount  of  nitrogen  to  the  soil. 
There  are,  then,  three  features  that  distin- 
guish leguminous  crops  from  other  crops: 

1.  Legtmie  crops  are  very  rich  in  nitrogen. 

2.  L^imies  have  nodules  on  the  roots. 

3.  Legtmies  add  fertiHty  to  the  soil. 

NODULES   CAUSED  BY  BACTERIA 

If  an  extremely  thin  slice  is  cut  from  one  of 
the  nodules  and  is  magnified  tmder  the  micro- 
scope about  one  thousand  times,  a  lai^e  ntun- 
ber  of  Uttle  rod-like  bodies  can  be  seen. 
Some  of  them  are  sausage-like  in  shape,  and 
others  may  send  out  short  outgrowths  so  that 
they  are  often  called  X  and  Y  forms.  These 
bodies  are  bacteria.  In  Fig.  34  are  shown  a 
few  of  the  forms  of  the  bacteria  f oimd  in  the 
legume  nodule.  They  are  living  plants  and, 
like  other  living  organisms,  they  can  grow 
and  mtdtiply.  They  are  so  sm^  that  they 
are  not  visible  to  the  naked  eye;  fifteen 
thousand  of  them  attached  end  to  end  would 
not  extend  more  than  one  inch.  These  bacteria  may  live  in  the  soil,  and 
when,  they  come  in  contact  with  a  legume  root  they  make  their  way  into  it 
and  there  begin  to  multiply.  In  a  few  days  the  root  develops  a  swelling, 
which  is  a  nodule,  near  tiie  point  where  the  bacteria  entered.  In  the 
xnatuxe  nodule  are  millions  of  these  bacteria. 


Pio.  31.— Uoo/  0}  alfalfa, 
showing  nodtdes.  Natural 
size 
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LBGUMINOUS    PLANTS    WITH    NODULES    ENABLED    TO    USB    PRBE    NITROGEN 

PROM  THE  AIR 

Chemists  state  that  four  fifths  of  the  air  is  nitrogen  —  an  tinlimited 
supply,  but  the  plants  that  are  raised  on  our  fanns  ctonot  use  this  nitrogen 
because  it  is  a  gas  and  is  not  available  to  them.  It  has  been  observed, 
however,  that  when  nodules  develop  on  the  roots  of  a  leguminous  plant, 
that  plant  is  supplied  with  nitrogen  which  comes  from  the  air.  The 
bacteria  that  produce  the  nodules  seem  to 
have  the  peculiar  ability  to  use  nitrogen 
from  the  air  and  in  some  way  to  supply 
the  legimiinous  plant  with  it.  It  is  not 
known  how  the  bacteria  in  the  nodules  of 
the  legiuninous  plant  get  nitrogen  from 
the  air,  but  it  is  known  that  a  legimiinous 
plant  with  plenty  of  nodules  on  the  roots 
acciunulates  a  relatively  large  amotmt  of 
nitrogen  inside  its  tissues,  and  that  a 
certain  part  of  this  nitrogen  comes  from 
the  air. 

Amount  of  nitrogen  taken  from  the  air  by 
a  leguminous  crop 

Since  it  is  well  known  that  legumes  use 
nitrogen  from  the  air,  farmers  are  naturally 
interested  to  know  the  amount  of  nitro- 
gen that  may  be  taken  from  the  air  by  a 
legtuninous  crop.  This  is  very  difficult  to 
decide.  Many  experiments  have  been 
made  in  order  to  determine  this,  but  such 
experiments  have  been  performed  under 
special  conditions.  The  results  obtained, 
therefore,  must  not  be  applied  too  closely 
to  field  conditions.  One  of  such  experi- 
ments is  reported  in  Bulletin  147  of  the 
Rhode  Island  Agricultural  Experiment  Sta- 
tion. Several  dSferent  legumes  were  grown 
in  special  flowerpots  and  the  amoimt  of 
nitrogen  was  determined  both  in  the 
plants  and  in  the  soil.  The  authors  of 
the  bulletin  found  that  all  the  different  legumes  that  they  grew  were 
able  to  obtain  some  nitrogen  from  the  air.  From  their  experiments  they 
fotmd  that  an  acre  of  soy  beans  may  take  about  1,000  poimds  of 
nitrogen  from  the  air  during  a  period  of  five  years,  or  200  pounds  per 
year.  Seven  tenths  (140  pounds)  of  the  200  poimds  were  removed  in  the 
crop,  and  three  tenths  (60  poimds)  remained  in  the  soil.  Since  one  pound 
of  nitrogen  costs  about  16  cents,  200  pounds  would  cost  $32. 

We  must  be  cautious  and  not  jump  at  the  conclusion  that  every  acre 
of  soy  beans  or  any  other  legume  crop,  grown  in  any  soil  and  under  all 
kinds  of  conditions,  would  take  out  of  the  air  an  amount  of  nitrogen 


Fig.  32.— Root  of  Canada  field 
pea,  showing  nodules.  Natural 
size 
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worth  $32.   In  some  cases  it  may  be  done,  but  in  most  cases  such  an 

amount  of  nitro- 
gen is  probably 
not  removed  from 
the  air  by  an  acre 
of  legumes.  Olie 
thing  is  estab- 
lished, however, 
and  that  is  that 
the  l^;umes  with 
nodules  on  the 
rcx)ts  are  enabled 
to  use  a  certain 
amotmt  of  the 
atmospheric  ni- 
trogen and  that 
the  l^;umes  with- 
out nodules  are 
not  able  to  do  so. 

INOCULATION 

We  have  learned 
from  observations 
that  nodules  may 
not  develop  on  aU 
the  different  1^- 
umes  in  all  soi£. 
From  this  we  con- 
clude that  the 
bacteria  which 
produce  nodules 
are  not  always 
present  in  every 
field.  Wefindthat 
legumes  such  as 
clovers,  which 
have  been  raised 
on  almost  every 
farm  in  this  State 
for  many  years, 
generally  produce 
plenty  of  nodules 
in  most  soils.  L^^- 
umes  such  as 
alfalfa,  soy  beans, 
andcowpeas,  how- 
ever, which  are 
relatively  new 
crops  in  thisState, 
do  not  generally 


PiO.  33. —  Rod  of  Canada  fM  pea,  showing  very  large  nodules. 
Natural  she 


produce  nodules.    Since  it  is  the  bacteria  that  cause  the  nodules,  and  sinoo 
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l^umes  without  nodules  are  not  able  to  get  any  nitrogen  from  the  air,  it 
is  to  our  advantage  to  intnxltice  these  nodule-f onning  bacteria  into  our 
fidds.  Inoculation,  therefore,  is  the  introduction  into  the  fields  of  the 
t>&cteria  that  cause  nodules  on  leguminous  crops. 

CROSS-INOCULATION 

Can  one  legume  be  inoculated  with  the  bacteria  from  a  different  legume? 
This  question  is  often  asked  by  farmers. 

It  seems  to  be  well  established  that  alfalfa  can  be  inoculated  with  the 
bacteria  from  sweet  clover.  Successful  cross-inoculation  is  obtained  also 
between  red  clover,  white  clover,  and  alsike  clover.  In  general  it  may 
be  stated  that  cross-inoculation  takes  place  between  closely  related 
legumes.  Cross-inoculation  is  not  successful  between  alfalfa,  clover, 
Canada  field  pea,  soy  bean,  and  cowpea.  But  even  when  cross-inoculation 
is  successful,  there  is  no  evidence  to  show  that  it  is  as  efficient  as  when 
the  legume  is  inoculated  with  its  own  bacteria.  The  information  on  the 
subject  of  cross-inoculation  is  meager  and  the 
practice  is  not  recommended. 

HOW  TO   INOCULATE 

There  are  two  ways  in  which  inoculation 
may  be  accomplished,  the  soil  method  and 
the  pure-culture  method. 


vv-r 


Soil  method 

When  we  find  nodules  on  a  leguminous  crop,      ^     ta^^^  ume    bacuHa 
we  know  that  in  the  soil  where  the  crop  is  uighly^magnified  ^^^' 

being  grown  there  are  nodule-forming  bacteria. 

If  we  take  a  certain  amount  of  this  soil  and  scatter  it  over  a  new  field  we 
introduce  into  the  new  field,  along  with  the  soil,  some  of  the  bacteria. 
In  practice,  usually  about  two  himdred  potmds  of  soil  broadcasted  on 
every  acre  will  be  sufficient  to  inoculate  the  field.  This  is  a  simple  method 
of  inoculation  and  good  results  are  invariably  obtained.  There  are, 
however,  some  drawbacks  to  it.  It  is  not  always  easy  to  get  the  soil, 
and  because  of  its  bulk  it  is  difficult  of  transportation.  A  more  serious 
objection  to  the  soil  method  of  inoculation  is  that  when  the  soil  comes  from 
an  unknown  field  various  weed  seeds,  diseases,  and  insects  may  be  in 
it.  In  that  case  such  pests  wotild  be  introduced  into  our  field  and  would 
cause  trouble.  Dodder,  for  example,  may  be  spread  in  this  way.  There- 
fore one  shotild  bear  this  in  mind  when  considering  the  use  of  soil  for 
inoculation.  The  method  is  especially  well  adapted  for  inoculating  one 
field  with  soil  obtained  firom  another  field  on  the  same  farm. 

The  writer  believes  that  the  simplest  and  most  economical  way  to 
inoculate  is,  not  to  plant  and  inoculate  a  large  acreage  at  fijrst,  but  to 
plant  one  acre  or  less  of  the  particular  legume  and  inoculate  a  part  of 
it,  leavir^  xhe  other  part  iminoculated.  If  the  plants  on  the  inoculated 
part  of  che  field  look  greener  and  healthier  than  those  on  the  uninoculated 
part,  and  in  addition  have  an  abundance  of  nodules  on  the  roots  while 
the  plants  on  the  iminoculated  part  have  no  nodules  or  very  few,  the  field 
64 
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needs  inoculatiQn.  This  practioe  has  two  advantages:  in  the  first  place, 
the  farmer  learns  whether  the  soil  needs  inoculation  for  the  particular 
legume;  and  in  the  second  place,  in  case  inoculation  is  needed,  the  soil 
from  the  inoculated  part  of  the  field  is  as  good  inoculating  materkd  as 
any  other.  The  whole  farm  can  then  be  inoculated  with  very  little  cost 
to  the  farmer. 

Pure-cuUure  method 

In  order  to  make  the  inoculation  more  simple  and  to  meet  the  various 
objections  against  the  soil  method,  investigators  have  devised  the  piu-e- 
culture  method.  The  nodule-forming  bacteria  are  carefully  removed 
from  the  nodules  and  are  made  pure.  In  making  the  nodtde  bacteria 
pure  we  separate  them  from  all  kinds  of  molds  and  other  undesirable 
bacteria.  When  they  are  purified  they  are  planted  on  some  sterilized 
food  in  which  they  can  multiply.  In  sudi  food  an  extremely  large  ntmiber 
of  the  bacteria  may  develop  in  a  few  days.  When  the  nodule  bacteria 
are  propagated  in  this  manner  the  preparation  is  called  a  pure  culture. 

In  some  cultures  the  bacteria  are  propagated  in  liquid,  in  others  on 
vegetable  gelatin,  and  in  still  others  unknown  mixtures  are  employed. 
After  considerable  investigation  this  Department  decided  to  employ 
sterilized  soil  as  a  medium  in  which  to  grow  the  bacteria  in  pure  culture. 

In  using  pure  cultures  for  inoculation,  the  object  to  be  attained  is  to 
distribute  the  bacteria  evenly  over  the  entire  field.  Two  methods  may 
be  employed  in  order  to  accomplish  this:  (i)  The  pure  cultures  may  be 
mixed  with  a  certain  quantity  of  water  and  then  poured  on  the  seed. 
The  seed  is  stirred  tmtil  each  one  is  moistened  and  is  then  ready  for  plant- 
ing. It  is  assumed  that  some  bacteria  will  adhere  to  every  seed  and  will 
be  carried  with  it  into  the  soil.  (2)  When  it  is  not  convenient  to  treat 
the  seed  as  aboye  described,  the  pure  cultures  may  be  mixed  thoroughly 
with  loamy  soil,  allowing  about  two  htmdred  pounds  of  soil  for  each  acre. 
The  soil  is  then  broadcasted  over  the  field  and  harrowed  in. 

The  pure-culture  method  of  inoculation  has  some  advantages.  Being 
pure,  there  are  no  weed  seeds,  no  insects,  no  diseases  nor  tmdesirable 
bacteria,  provided  the  culture  is  prepared  properly.  It  is  easily  obtained, 
e^y  handled,  and  shotild  be  cheap. 

In  general,  a  new  discovery  of  this  kind  does  not  at  first  always  give 
good  results.  This  was  true  in*  the  case  of  pure  cultiu;es.  The  reason 
for  these  failures  is  very  simple.  At  first  not  enough  was  known  about 
the  nature  and  the  habits  of  these  nodule-forming  bacteria,  and  conse- 
quently they  were  not  treated  properly.  The  res^t  was  that  often,  by 
the  time  the  farmer  procured  the  culture,  the  bacteria  in  it  were  all  dead 
or  some  wrong  kind  of  bacteria  had  entered  into  it.  Investigators  have 
learned,  however,  by  the  failures.  The  writer  believes  that  at  present 
enough  is  known  about  these  bacteria  to  enable  workers  to  prepare  pure 
culttu^s  that  will  give  good  results. 


WHEN  INOCULATION  IS  NBBOBD 

To  inoculate  each  leguminous  crop  every  time  it  is  planted  requires 
both  labor  and  money,  and  it  is  a  waste  if  inoculation  is  not  needed.    On 
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the  other  hand,  if  the  crop  is  not  inocidated,  and  inoculation  is  needed, 
the  farmer  loses  money.  So  it  becomes  of  some  importance  to  know 
what  leguminous  crops  should  be  inoculated. 

Thcsre  is  only  one  known  way  by  which  the  farmer  can  learn  with  cer- 
tainty whether  inoculation  is  needed,  and  that  is  to  grow  the  crop  in  the 
field.  If  the  root-nodules  do  not  develop  at  all,  or  develop  on  only  a  few 
isolated  plants,  that  leguminous  crop  needs  inoculation  when  planted 
in  that  field.  If,  however,  some  nodules  are  present  on  almost  every 
plant,  inoculation  is  probably  not  needed.  The  simple  experiment  described 
on  page  29  can  be  carried  out  by  any  farmer.  By  performing  such  an 
experiment  he  can  readily  ascertain  which  of  the  leguminous  crops  need 
inoculation  when  planted  on  his  farm.  To  perform  such  an  experiment, 
however,  takes  time,  and  many  farmers  may  prefer  to  inoculate  each 
legtmiinous  crop  rather  than  to  take  time  for  experimenting.  Although 
there  is  no  other  known  way  of  finding  out  with  certainty  as  to  the  need 
for  inoculation,  there  is  a  certain  amount  of  information  that  is  helpful 
in  deciding  the  question. 

Leguminous  crops  such  as  clover,  peas,  beans,  and  others  that  have  been 
grown  on  farms  in  this  State  for  many  years,  probably  need  no  inoculation. 
There  are  some  persons,  however,  who  assert  that  it  pays  to  inoculate 
every  leguminous  crop  every  time  it  is  planted.  It  may  be  true  that 
sudi  a  common  crop  as  red  clover  may  be  improved  by  inoculation,  even 
in  New  York  State  where  it  has  been  grown  extensively  for  many  years. 
It  has  never  been  proved  conclusively  one  way  or  the  other;  but  the 
writer's  opinion,  basied  on  casual  observation,  is  that  soils  on  most  farms 
in  New  York  State  are  naturally  well  inoculated  with  the  bacteria  that 
produce  nodules  on  legumes  that  have  been  repeatedly  raised  on  the 
farms.  On  the  other  hand,  alfalfa,  soy  beans,  cowpeas,  and  any  other 
leguminous  crop  that  has  never  been  r^sed  on  the  farm,  as  a  rule  need 
to  be  inoculated  when  planted  for  the  first  time. 

That  inoculation  is  needed  in  most  cases  when  alfalfa  is  grown  for  the 
first  time  has  been  shown  in  Bulletin  313  of  the  New  York  (Geneva) 
Agricultural  Experiment  Station.  In  one  hundred  and  three  experi- 
mental fields  of  alfalfa,  distributed  in  thirty-nine  counties  of  this  State, 
only  twenty-five  were  successful  without  inociilation.  The  authors  say  that 
in  beginning  to  grow  alfalfa  proper  inoculation  of  the  soil  is  a  point  that 
is  worthy  of  the  careful  attention  of  any  farmer  in  this  State. 

WHY  INOCULATION  IS   NOT  ALWAYS  SUCCESSFUL 

It  occasionally  happens  that  inoculation  does  not  produce  good  results. 
There  are  various  reasons  for  this,  but  usually  it  is  due  to  the  poor  quaUty 
of  the  culture  or  to  the  condition  of  the  soil.  The  culture  must  not  ^ways 
be  blamed.  We  all  know  that  some  crops  grow  well  on  our  farms,  while 
others  may  grow  poorly  or  not  at  all.  Bacteria  are  living  plajits,  and 
in  order  to  enter  the  roots  and  produce  nodtdes  they  must  live  and  multiply 
in  the  soil.  There  are  some  soils  in  which  the  bacteria  will  not  live  and 
no  amount  of  inoculation  will  produce  good  results.  Or  it  may  be  that 
the  particular  legume  does  not  grow  weU  in  the  soil.  In  either  case  good 
^J^ults  from  inooilation  cannot  be  expected.  The  fault  of  the  soil  must 
first  be  corrected.    It  has  been  found  that  an  application  of  lime  —  about 
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a  ton  per  acre  —  invariably  benefits  certain  of  the  legmninous  crops, 
alfalfa  in  particular.  In  Bulletin  313  of  the  New  York  (Geneva)  Agricul- 
tural Experiment  Station  there  are  given  some  interesting  results  on  the 
benefit  of  lime  for  alfalfa.  Sixty-four  alfalfa  fields,  well  distributed  over  the 
State,  showed  that  only  eleven  were  successful  without  lime,  and  all  the 
fields  except  six  were  improved  by  the  addition  of  lime. 

STBRIUZBO  SOIL   CULTURBS 

As  previously  indicated,  this  Department  has  .developed  a  method  for 
distributing  nodule-forming  bacteria  in  pure  culture.  It  has  found  that 
in  sterilized  soil,  which  it  uses,  these  bacteria  mtdtiply  readily,  as  many 
as  three  billion  being  present  in  an  otmce  of  the  soil.  During  the  past 
two  years  a  limited  number  of  these  cultures  have  been  diistributed, 
principally  for  experimental  purposes.  Because  of  the  favorable  results 
obtained  the  Department  proposes  to  distribute  the  cultures  for  genial 
use  among  the  farmers  of  the  State. 
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CORNELL   UNIVERSITY 

AGRICULTURAL   EXPERIMENT   STATION    OF 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Poultry  Husbandry 


THE  IMPROVED  NEW  YORK  STATE  GASOLINE-HEATED 
COLONT-HOnSE  BROODING  SYSTEM 

C.  A.  Rogers 

In  this  circular  are  described  and  illustrated  the  working  plans  of  the 
New  York  State  A-shaped  colony  brooder-house  and  its  equipment  for 
heating  by  gasoline.  Only  a  few  changes  have  been  made  since  the 
publication  in  1907  of  Cornell  University  Agricultural  Experiment  Station 
Bulletin  246  on  "  A  Gasoline-Heated  C5olony  Brooder-House  "  by  James 
E.  Rice  and  Rolla  C.  Lawry,  and  in  1910  of  Bulletin  277  of  the  same 
station  on  "  The  Principles  of  Brooding  and  the  Improved  New  York 
State  Gasoline-Heated  Colony-House  Brcxxiing  System  "  by  J.  E.  Rice 
and  C.  A.  Rogers.* 

INTERPRETATION  OP  WORKING  PLANS 

The  several  plans  presented  herewith  are  designed  to  show,  first,  the 
more  important  parts  of  the  brooder-house  viewed  from  different  directions, 
second,  the  way  in  which  the  timbers  are  put  together,  and  third,  the 
various  dhnensions  and  sizes  of  timbers  used.  Four  principal  plans  are 
induded,  besides  several  detail  drawings  of  particular  features  that  could 
not  be  shown  in  the  main  drawings  or  that  required  more  detailed  out- 
lining. The  four  main  plans  are  the  groimd,  or  floor,  plan;  the  front 
elevation;  the  rear  elevation;  and  the  side  elevation. 

The  groimd  plan,  Fig.  35,  shows  certain  parts  of  the  building  as  viewed 
from  above.  The  positions  of  sills,  runners,  hover,  windows,  and  door  are 
definitely  located  with  reference  to  one  another.  In  order  to  show  these 
parts  to  the  best  advantage  it  was  necessary  to  leave  off  the  roof  and  to 
remove  the  floor,  so  that  one  sees  principally  the  floor  timbers  as  viewed 
from  above.  The  same  illustration  shows  also  the  top  view  of  the  hover, 
giving  its  size  and  relative  position  in  the  house.  The  windows  are  ^own 
by  a  cross-section  made  through  the  narrow  dimension. 

The  front  elevation,  or  end  plan,  or  cross-section  as  it  is  more  commonly 
called,  shows  the  detail  of  the  construction  of  studding,  rafters,  windows, 
and  other  parts.    This  is  done  by  eliminating  the  siding  to  which  the 
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door  and  windows  are  really  fastened.  The  cross-section  plan,  Fig.  36, 
is  the  most  comprehensive  of  the  plans,  showing  a  number  of  timbers 
and  the  more  dfficult  features  of  construction.  It  marks  the  relative 
position  of  runners  with  alls  and  floor;  of  studs  with  plates  and  rafters; 
of  door  with  windows  and  floor;  and  of  siding  with  roof  and  runners. 


Fig.  35. —  Ground  flan  of  the  SxS-foot  colony  brooder-house,  showing  the  construction  of 
floor  timbers  and  the  position  of  hover,  windows^  door,  and  exit 

The  rear  elevation,  Fig.  37,  illustrates  certain  details  that  cannot  con- 
veniently be  shown  in  the  front  elevation.  This  plan  shows  the  heating 
equipment,  with  the  gasoline  tank  in  the  peak,  the  pipe  connecting  the 
tsink  with  the  heater  box  tmdemeath  the  floor,  and  the  radiator.  It 
shows  also  the  window  or  door  in  the  rear.  The  siding  is  removed  in 
this  instance  so  as  to  show  the  interior  arrangement. 
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The  side  elevation,  Fig.  38,  represents  the  building  as  viewed  from 
another  direction.  It  gives  a  third  dimension  of  the  timbers  and  of  some 
other  parts  shown  in  the  former  plans;  for  example,  in  Fig.  36  the  ends 
of  the  nmners  are  seen  and  are  shown  to  be  3x6  inches  in  size,  while  in 
Fig.  38  the  lengthwise  dimension  is  shown.  Furthermore,  in  combina- 
tion these  two  iUustrations  show  that  the  3X4-inch  sills  extend  from  side 
to  side  and  rest  on  the  runners,  that  they  are  not  naortised  into  the  runners, 
a-^d  that  they  are  equally  spaced. 


Fig.  36. —  Cross-section  plan  of  the  colony  brooder-house.     Note  size  and  position  of 
windows  and  door,  rafters  and  roof,  and  sills  and  runners 

By  combining  these  plans,  therefore,  the  dimensions  of  the  parts  and 
the  method  of  construction  can  be  determined.  Often,  when  the  con- 
struction is  complete  or  when  one  part  is  behind  another,  it  is  necessary 
to  use  separate  detail  plans  such  as  Fig.  41  in  order  to  make  the  construc- 
tion clear. 

In  all  these  plans  the  practice  is  followed  of  showing  the  ends  of  timbers 
or  of  boards  by  means  of  shaded  lines.  This  enables  one  to  distinguish 
more  easily  the  different  timbers  and  their  direction.  When  two  features 
are  shown,  one  directly  below  or  beyond  the  other,  the  part  that  is  nearer 
the  eye  is  represented  by  solid  lines  and  the  other  part  by  dotted  lines. 

The  most  important  dimensions  are  given.  Often  a  dimension  that 
is  omitted  in  one  plan  may  be  foimd  in  another. 
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CONSTRUCTION  OP  THE  HOUSB 

Floor 
Two  3x6-inch  runners  8  feet  long,  sawed  as  shown  in  Fig.  38,  are  placed 
on  edge  and  in  a  level  position  8  feet  apart.  On  top  of  and  across  them 
are  placed  four  2X4-inch  sills.  Braces  are  spiked  to  the  side  of  the  sill 
and  against  the  runners.  The  braces  will  keep  the  runners  rigid  when 
the  house  is  being  moved.  The  sides  of  the  sills  are  made  square  with 
the  runners  and  a  floor  of  matched  Itunber  is  laid  on  them.    The  house 
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Pig.  37. —  Rear  eUvation  of  the  colony  brooder-house.     Note  the  position  of  the  heating 

equipment  and  the  hover 

can  be  made  warmer  by  placing  building  paper  under  the  floor  or  by 
double  flooring.  In  case  the  latter  method  is  used,  the  first  boards 
should  be  placed  diagonally  across  the  sills  and  the  upper  layer  of  boards 
square  across  the  sills. 

Studs 

The  studding  for  the  sides  and  plates  is  all  of  2X2-inch  material.    The 

studs  may  be  toenailed  in  place  on  the  floor  directly  above  the  sills. 

They  should  be  22  inches  high.    The  2-inch  plates  spiked  to  the  top  of 

the  studs  are  8  feet  long.    On  each  side  of  the  door  and  i  inch  inside 
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the  door  opening,  a  iX3-mch  piece  serves  as  a  door  jamb  and  a  support 
for  the  front  sidmg. 

Bracing 
The  floor  should  be  leveled;  then,  with  square  or  spirit  level,  the  stud- 
may  be  plumbed  and  braced  in  both  directions.    The  bracing  should 
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Fig.  38. 

/Ai  building  from  place  to  place 


Side  elevation  of  the  colony  brooder-house ^  showing  the  distance  between 
rafters  and  sills.    Note  the  bevel  at  the  ends  of  the  runners^  making  it  possible  to  .haul 


all  be  on  the  inside,  where  it  will  not  interfere  with  the  laying  of  side  and 
roof  boards,  and  should  be  made  secure  enough  to  hold  the  frame  in  place 
until  the  building  is  entirely  finished.  The  boards  used  for  bracing  can 
then  be  removed. 


Pig.  39.^-  Method  of  laying  out  the  rafter  with  the  steel  square  in  order  to  get  the  bevel 

at  the  ends  of  the  rafter 

Rafters 
The  rafters  are  sawed  from  2X3-inch  lumber  and  are  6  feet  long.  The 
bevel  of  the  rafter  is  obtained  by  placing  the  steel  square  on  the  inside 
edge  of  the  timber,  at  the  isJ-inch  mark  on  one  side  of  the  square  and 
the  17-inch  mark  on  the  other  side.  The  square  should  be  moved 
along  the  edge  of  the  rafter  three  consecutive  times,  as  ^own  in  Pig.  39; 
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each  time 
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CLOTH  CURTAIN 


r. 


the  isl-inch  mark  on  the  square  should  coincide  with  the 
last  17-inch  point  on  the  rafter.  At  the 
first  and  the  last  positions  of  the  square,  the 
lines  AB,  BC,  and  DE  should  be  marked  on 
the  rafter  to  indicate  the  ends  for  sawing. 
AB  is  at  right  angles  to  BC,  and  B  is  if 
inches  from  C  along  the  line  BC.  Allowance 
for  a  i-inch  ridge  board  has  been  made  in 
these  dimensions.  This  rafter  can  then  be 
used  as  a  pattern.  The  rafters  are  securely 
nailed  in  place,  as  shown  in  Pigs.  36  and  38, 
and  braced  with  boards  nailed  diagonally  on 
their  undersides  until  the  roof  boards  are 
placed. 

Siding 
Planed  and  matched  lumber  is  used  for  all 
siding.  It  is  placed  vertically  on  the  sides  of 
the  house  in  order  to  give  strength  to  the 
runners.  It  should  be  nailed  to  tibe  flooring. 
On  the  back  of  the  house,  also,  the  boards 
are  fastened  in  a  vertical  position.  Since 
the  lower  sill  is  cut  away  for  the  burner 
box,  a  2X4-inch  support  is  placed  on  the 
floor  inside  the  rear  siding,  as  shown  in  Pig. 
37.  The  siding  is  nailed  to  this  support  as 
well  as  to  the  sill.  The  boards  on  the  front 
of  the  house  are  placed  either  horizontally  or 
vertically.  The  roof  boards  are  extended  two 
or  three  inches  at  the  front,  back,  and  bot- 
tom, so  as  to  form  projections  and  eaves. 
The  roof  is  covered  with  two-ply  roofing 
paper.  Por  greater  protection  it  is  well  to 
cover  the  sides  and  the  ends  of  the  house 
with  roofing  paper.  This  is  desirable  for 
early  brooding  in  cold  weather. 

Door 
The  door  is  2  feet  3  inches  wide  and  6  feet 
high,  with  its  bottom  3  inches  above  the  floor. 
It  is  exactly  in  the  middle  of  the  front  of 
the  house.  The  door  is  heavily  hinged  on 
the  left  side;  it  should  be  equipped  with  a 
hook  or  a  window  adjuster  to  hold  it  open 
and  a  latch  or  a  clasp  to  hold  it  closed,  as 
desired.  In  the  upper  part  of  the  door  is  a 
muslin  curtain  20  inches  square,  which  fits 
between  the  door  battens,  as  shown  in  Fig. 
40,  and  completely  covers  the  i8-inch-square 
opening  in  the  door.  The  curtain  is  hinged 
at  the  bottom  and  swings  down  out  of  the 
way  when  open. 


DOOR  OATTENa 


Fig.  40. —  End  view  of  the  door, 
showinf  position  of  battens 
and  of  doth  curtain.  The 
other  dimensions  of  the  door 
are  shown  in  Pig,  36 
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Windows 

The  front  windows  are  one-sash  windows,  each  with  six  lights  8x10 
inches  in  size.  Each  window  is  placed  3  inches  from  the  door  and  3 
inches  above  the  floor.  The  opening  over  which  the  window  fits  is  i  inch 
smaller  on  all  sides  than  the  sash,  as  illustrated  in  Pig.  41.  Each  window 
is  cased  with  a  beveled  2X4-inch  casing  on  top,  iX2-inch  pieces  on  the 
sides,  and  a  iX3-inch  piece  on  the  bottom.  The  windows  are  hinged 
at  the  top  to  the  2X4-inch  casing  with  heavy  .T  hinges,  placed  near  the 
extreme  sides  as  shown  in  Fig.  41.    Sash  adjtisters  are  used  to  hold  the 


Fig.  41. —  Delail  of  the  window,  showing  cross-section  and  front  views, 

of  the  2X4-inch  top  casing 


Note  the  beifel 


windows  open  at  the  desired  angle.  Fine-mesh  poultry  netting  is  fastened 
to  the  inside  of  the  window  casing  in  order  to  keep  chickens  in  when 
the  windows  are  open. 

The  window  in  the  back  can  be  made  either  of  wood  or  of  a  cellar  sash 
with  three  7X9-inch  panes.  It  is  placed  3  feet  6  inches  above  the  floor  and 
in  the  middle  of  the  back  end.  It  is  cased  over  the  siding  in  the  same  way 
as  the  front  windows,  hinged  at  the  top,  and  held  open  by  sash  adjusters. 
If  the  cellar  sash  is  used  a  2X4-inch  casing  should  be  used  on  top,  other- 
wise the  ix3-inch  casing  can  be  used  on  all  sides  as  ^own  in  Fig.  37. 
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The  hover  is  5  feet  long  and  3  feet  2  inches  wide,  with  the  front  comers 
cut  back.  It  is  held  in  position  3  inches  from  the  back  wall  by  spedal 
detachable  hinges  at  the  back  and  two  l^s  at  the  front  comers;  the  hinges 
are  furnished  with  the  heating  equipment.  The  hover  can  be  Ufted  and 
fastened  out  of  the  way,  or  it  can  be  removed  entirely.  It  should  be 
level,  and  just  high  enough  to  clear  the  guards  on  the  radiator.  It  can 
be  protected  from  overheating  by  a  large  square  of  asbestos  matting 
fastened  to  its  lower  side.  Two  thicknesses  of  table  oilcloth,  with  the 
unfinished  sides  together  and  with  cuts  four  inches  apart  extendir^  from 
the  floor  halfway  up,  are  tacked  around  the  outside.  The  cuts  should 
alternate  on  the  two  layers.  When  using  the  brooder-house  in  very  cold 
weather  it  is  well  to  cover  the  hover  with  roofing  paper  and  to  use  a  tighter, 
warmer  doth  around  the  sides. 

Thermometer 

The  thermometer  furnished  with  the  heater  is  hung  through  the  hover 
at  the  side  and  front  of  the  drum.  One  inch  is  the  proper  size  of  hole 
to  make  in  the  hover.  The  thermometer  is  made  to  h^ig  about  2  to  3 
inches  above  the  floor  (Fig.  42). 

Exit 

The  exit  is  on  the  right  side  of  the  house,  near  the  front.  It  is  3  inches 
above  the  floor  and  8  inches  high  by  12  inches  wide.  It  is  closed  by 
a  slide  door  running  between  two  grooved  supports  at  tiie  top  and  bottqgtn, 
as  shown  in  Figs.  36  and  38. 

Heater  box 

The  heater  box  is  placed  in  the  middle  of  the  back  of  the  house, 
\  inch  imdemeath  the  floor.  Twelve  inches  of  the  rear  sill  are  cut  away 
so  as  to  admit  it.  A  hole  9  inches  in  diameter  is  made  in  the  middle  of 
the  floor,  with  its  center  exactly  19  inches  from  the  inside  of  the  rear 
siding.  The  shoulder  of  the  outlet  in  the  heater  box  fits  into  this  hole. 
The  box  is  held  in  place  by  the  sill  at  the  back  and  by  a  wire  band  fas- 
tened to  staples  in  the  floor  at  the  inner  end.   (Figs.  35,  37,  38,  and  42.) 

Drum  and  collars 

If  the  floor  is  double-boarded,  the  auxiliary  collar  ((7-2,  Fig.  43)  should 
be  telescoped  over  the  shoulder  of  the  heater  box.  This  ooU^  can  be 
omitted  in  case  the  floor  is  not  double-boarded.  A  second  collar,  with 
a  broad  flange,  telescopes  over  the  other.  The  flange  makes  a  tight- 
fitting  joint  with  the  floor.  Over  this  in  turn  the  perforated  tin  gt^rd 
is  telescoped.  The  long  collar  is  then  fitted  inside  the  guard  and  over 
the  inside  shoulder  on  the  heater  box.  On  this  collar  the  drum  should 
fit  tightly.  In  the  middle  of  the  back  siding  a  2-inch  hole  is  bored  at 
the  level  of  tJie  outlet  to  the  drum  for  attachment  of  the  exhaust  pipes. 
Tin  shields  are  placed  on  the  inside  and  the  outside  of  the  hole. 
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Gasoline  tank 

A  9-iiich  hole  is  cut  in  the  peak  of  the  rear  wall  and  the  supply  tank  is 
passedthixnighit(FigS37and38).  The  tank  is  supported  in  a  level  position 
by  means  of  wires  passing  around  it  and  secured  to  the  ridge  board. 


Fig.  42. —  Appurtenances  to  the  heatint  equipment.  A,  Detachable  hinges  for  the  hover- 
B,  wire  hanier  and  screw  eyes  to  hold  burner  box  under  haver;  C,  ga&anited  pipe  and 
connections  for  connecting  the  gasoline  supply  tanh  with  the  burner;  2>,  thermomeigr 

Pipe  fittings 

All  threads  on  the  pipes  are  now  carefully  soaped,  and  the  pipe  con- 
nections are  made  from  the  tank  to  the  heater  as  shown  in  Fig.  37' 
Care  should  be  taken  to  have  all  joints  tight  and  the  burner  (Fig  4/) 
sitting  square  under  the  center  of  the  hole,  with  the  grate  lying  flat  tod 
the  cover  closed. 
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ITEMS  OF  LUMBBR  AND  BfATBRIALS  NBBDBD 

The  following  is  a  list  of  materials  required  for  building  the  gasoline- 
heated  colony  brooder-house: 

Runners  a  pieces  3*"  x  6'  x    8'  hard  pine  or  hemlock 

Sills  2  pieces  2*^  x  4*^  x  16'  hard  pine  or  hemlock 

Casing  and  support  i  piece"2*'  x  4*"  x  16'  hard  pme  or  hemlock,  planed 
Studs  and  plates       s  pieces  2*"  x  2'  x    8'  planed  hemlock 
Rafters  4  pieces  2*"  x  3'  x  12'  planed  hemlock 

Single  floor,  sides, 

rear,  and  roof        320'  hard  pine  or  hemlock,*  planed  and  matched  in 
12' or  16' lengths  ^ 

Front,  door,  hover,  casings,  and  door  jambs    70  sq.  ft.  soft  pine,  matched 

and  planed  in  any  length 
Roofing  paper  for  roof  i  roll,  2-ply 

Roofing  paper  for  sides  and  back  if  desired         i  roll,  ^-ply  | 

1  pair  6    heavy  strap  hinges  for  door  J 

3  pairs  4^  medium  T  hinges  for  windows  ^ 

4  sash  adjusters  (3  stops) 

2  sashes,  six  8'  x  lo*".  lights 

I  sash,  tJiree  7'  x  9^  lights,  or  board  door 

6  ft.  24^,pK)ultry  netting  for  windows  .^.^  i 

1  square  muslin  20*^  x  20^ 

10  lbs.  8d,*hails  for  floor  and  siding 

2  lbs.  2od  nails  for  frame 

I  lb.  6d  nails  for  finishing  ^      , 

J  lb.  small  wire  staples 

7  yds.  oilcloth  54'  wide 

I  piece  asbestos  sheet  s'  x  3'  I 

I  heating  apparatus 

CONSTRUCTION  OP  THE  GASOLINE  HEATER 

The  design  of  the  heating  apparatus  is  illustrated  in  Figs.  43  and  44*. 
A  is  the  burner  box,  which  is  placed  under  the  house  and  whidi  is  held 
in  position  at  the  back  end  by  the  opening  in  the  rear  runner  and  at  tiie 
inside  end  by  a  wire  passed  entirely  around  it  and  fastened'  to  the 
floor  above  by  staples  (Fig.  42).  5  is  a  Dangler  btimer.t  C  is  the  pipe 
connecting  the  burner  with  the  outside  pipe.  This  pipe  is  hdd  in  place 
by  a  V-shaped  piece  of  tin  at  C,  which  centers  thtT  burner  under  the 
radiator.  D  iss,  drip  pan  to  carry  to  the  outside  the  gasoline  that  iriight 
escape  in  case  of  leakage  in  the  pipe  or  when  the  burner  unexpect^y 
goes  out.  E  is  the  door  in  front  of  the  biumer  box,  through  whidi  the 
burner  is  attended.  The  supply  of  air  to  the  burner  comes  through  an 
opening  in  the  door.  A  tin  stueld  fastened  i  inch  inside  this  opening 
and  entirely  covering  it  prevents  the  wind  from  blowing  out  the  flame. 
Also  a  few  holes  below  the  door  allow  air  to  enter.  F  is  the  superchamber 
above  the  heater  box,  where  the  air  that  enters  through  the  four  J-inch 
holes  at  the  inside  end  is  warmed  by  contact  and  sent  up  through  the 

*  Various  grades  of  Itunber  that  are  on  hand  or  easily  obtainable  con  be  substituted, 
t  The  Omaha  burner  manufactured  bv  the  Omaha  Stove  Repair  Company,  Omaha,  Nebraska,  is  used 
with  satisfaction  by  ■ome  operators.    Tbe  Dangler  is  made  by  the  Dangler  Stove  Company,  Cleveland* 
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Fig.  43'"^  •S'wfc  tlevation  of  the  heaiing  equipment,  shovfing  one  part  abooe  anoiher*     The 
sue  and  detail  of  each  part  are  also  shewn  ^ 
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perforated  tin  of  the  chick  guard.  It  is  in  this  way  that  fresh  air, 
moderately  heated,  is  supplied  to  the  chicks.  G-i  is  a  floor  collar  which 
fits  in  the  hole  in  the  floor  and  telescopes  over  the  collar  of  the  super- 
chamber  F.  The  rim  around  G-i  should  fit  tightly  to  the  floor.  G-2  is 
an  auxiliary  collar  to  be  used  with  a  double  floor;  it  lengthens  the  con- 
nection between  G-i  and  F.  if  is  a  chick  guard  which  telescopes  over  the 
floor  collar  G^i,  protects  the  chicks  from  the  hot  stem,  /,  and  provides  an 
entrance  for  fresii  air  under  the  hover.  For  convenience  in  shipping,  it 
is  made  in  a  separate  piece  from  the  floor  collar.  The  perforated  tin 
is  bent  over  at  the  top  so  as  to  dose  up  the  space  between  the  guard  H 
and  the  stem  J.  This  prevents  litter  from  being  worked  into  the  opening 
and  down  on  the  burner  box.    I  is  the  stem  that  tdescopes  over  the 


Pig.  44. —  Floor  plan  of  the  heating  equipment^  showing  the  siu  of  drum,  collars,  and 

heating  box 

coUar  to  the  burner  box  and  connects  it  with  the  radiator.  /  is  the 
collar  to  the  radiator  made  to  telescope  over  the  stem  /.  K  is  the  radi- 
ator. L  is  a  diaphragm  of  tin  surmoimted  with  a  thick  mat  of  asbestos; 
it  extends  to  within  f  inch  of  the  outer  rim  of  the  radiator  and  is  sup- 
ported f  inch  above  the  bottom  of  the  radiator.  M  is  the  outlet  to  the 
radiator.  This  is  so  arranged  that  the  heat  passing  up  into  the  radiator 
is  spread  out  and  reflected  down  on  the  chicks  by  the  tin-and-asbestos 
diaphragm,  around  which  it  caimot  escape  until  it  is  forced  to  the  outer 
edge  of  the  radiator.  Before  escaping  entirely  the  air  has  to  pass  to 
the  upper  center  of  the  radiator  and  then  out  at  the  outlet  M.  N  is 
a  connection  between  this  outlet  and  the  vent  pipe  P.  0  is  a  sheet  of 
tin  4  inches  square,  with  a  hole  in  the  center  large  enough  to  allow  the 
connecting  pipe  N  to  pass  through.  One  sheet  of  tin  is  nailed  to  the  in- 
side and  the  other  to  the  outside  of  the  house,  in  order  to  hold  the  vent 
pipe  in  place  and  to  cover  the  hole  through  which  the  pipe  passes.    P  is 
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the  vent  pipe,  with  a  "  /T  "  on  the  end.    Q  is  a  guard  to  prevent  the  hover 

from  resting  on  the  radiator.    R  is  the  gasolme  tank-    A  large  square 

of  tin  fits  around  the  outside  end  of  this  tank,  the  same  as 

at  O,     A  glass  ganj^c  is  soldered  in  the  end  of  this  tank  to 

show  the  height  of  the  gasoline.     S  is  the  filler  plug,  which 

should  have  a  small  hole  in  the  cap  or  the  upper  side  to  let 

air  into  the  chamber  when   the  gasoline  recedes.      T  is 

the  filler  cap.      U  is  the  gasoline  pipe  in  the  lower  erd  of 

the  tank,  fastened  in  place  with  a  strip  of  tin  soldered  over 

the  end  and  to  the  sides  of  the  tank. 

The  modified  burner  box,  shown  in  detail  in  Fig.  46,  is 
designed  for  use  with  either  the  Dangler  or  the  Omaha 
burner.  A  represents  the  floor  plan  of  the  box,  showing 
the  five  J-inch  holes,  one  in  each  corner  and  one  near  the 
burner.  These  take  the  place  of  the  drip  pan  D  in  Fig. 
43.  B  is  a  side  elevation  of  the  box.  A  small  tin  stop, 
I  inch  high  and  6  inches  long,  is  shown  at  a;  the  base  of  the 
burner  should 
strike   this   tin  q  ^^ 

in  order  to  in-  ^  ^ 

sure  being  cen- 
tered  under 
the  radiator. 
An  adjustable 
guide  for  hold- 
ing the  feed 
pipe  of  either 
the  Dangler  or 
the  Omaha 
burner  in  place 
is  shown  at  b. 
C  and  D  illus- 
trate the  ad- 
justable guide: 
c  is  the  cen- 
ter groove;  dis 
the  thumb- 
screw, which 
passes  through 
the  bottom   of 

the  biimer  box  and  tightens  on  a  nut  soldered  below  to  hold  the  guide  hi, 
place;  e  is  a  crook  in  the  guide  for  holding  the  feed  pipe.  E  illustfi^t^ 
the  lower  front  right-hand  comer  of  the  burner  box.  The  rim  is  cut  out 
enough  to  let  the  feed  pipe  pass  in  and  out  easily.  The  box  is  strengthened 
by  riveting  angle  irons  on  the  inside  at  A,  h. 

The  best  grade  of  galvanized  tin  shotdd  be  used  in  this  heater.  No 
solder  should  be  used  in  the  heater  box  or  in  the  radiator,  because  of 
danger  of  melting.  The  edges  of  the  tin  should  be  rolled  and  tightly 
pressed  together  so  as  to  make  them  secure  and  to  prevent  the  escape 
of  gases. 


> 


Fig.  45. —  The  assembled  heating  apparatus,  with  the  exception 
of  the  supply  tank  and  the  pipe  connection 
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The  remaining  parts  furnished  with  the  heating  equipment  are  the 
thermometer,  the  hover  hinges,  and  the  pipe  connections,  as  follows: 


JT 


B 


0 
0 

s 


Pig.  46. — A  modified  burner  box,  designed  for  use  with  either  the  Dangler  or  the 

Omaha  burner 

3  lengths  22J'  i^  galvanized  pipe 
I  length  ip*'  y  galvanized  pipe 
I  length  i6i*'  i*'  galvanized  pipe 
I  2Y  nipple  i'  gsJvanized  pipe 
11'  nipple  i*'  ^vanized  pipe 
I  globe  valve  for  y  g^vanized  pipe 

1  tinion  for  Y  galvanized  pipe 

2  couplings  for  J*'  galvanized  pipe 

3  elbows  for  J*'  galvanized  pipe 

I  brass  elbow  for  the  Dangler  burner 
These  are  all  illustrated  in  Fig.  42. 


Pig.  47. —  The  Dangler  and^  Omaha  gasoline  burners, 
the  Omaha  at  the  right. 


Oangl 


;o. 


„ The  Dangler  is  at  the  left  and 

Both  are  operated  in  the  same  manner^  which  is  described  on 
The  Omaha  operates  more  satisfactorily  with  poor  gasoline  than  does  the 


The  gasoline  brooding  sjrstem  that  is  here  illustrated  and  described 
is  covered  by  no  existing  patent  so  far  as  is  known  by  the  Departmeat 
of  Poultry  Husbandry.    Any  person  or  manufacturer  is  free,  so  far  as 
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the  Department  is  concerned,  to  use  these  plans,  but  any  one  using  them 
must  assume  all  risk  of  litigation  because  of  allied  infringements.  This 
system  of  brooding  by  the  use  of  gasoline-heated  colony  houses  is  offered 
£ree  to  the  public,  with  the  request  that  credit  be  given  by  manufactuers 
by  placing  the  following  statement  on  all  heaters  tiiat  they  make: 

Gasoline  Heater 

as  designed  and  tised  by  the 

New  York  State  College  of  Agriculture  at  Cornell  University 

Ithaca,  New  York 


FACTORS  THAT  COMMEND  THE  NEW  YORK  STATE  GASOUNE-HEATED  COLONY- 
HOUSE   BROODING  SYSTEM 

Heating 

The  heating  is  from  three  sources:  first,  overhead  heat  radiated  from 
the  radiator;  second,  heated  air  coming  through  the  perforated  tin  in  the 
diick  guard;  and  third,  sufficient  bottom  heat  to  keep  the  floor  wann. 

Ventilation  under  haoer 

A  current  of  heated  fresh  air  taken  through  the  superchamber  in  the 
burner  box  is  constantly  forced  imder  the  hover,  thereby  insuring  an 
abtmdance  of  ptu^  air. 

Ventilation  in  house 

With  the  muslin  curtain,  the  windows  in  the  front,  and  the  window 
in  ihe  back,  the  air  in  the  house  can  be  kept  fresh  in  summer  or  winter. 
TTiere  is  no  burner  inside  the  house  to  consume  the  fresh  air.  The  fumes 
of  combustion  are  all  carried  away;  none  are  discharged  inside  the  house. 

Temperature 

The  choice  of  several  temperatures  materially  aids  the  development 
and  growth  of  a  chicken.  Several  different  degrees  are  possible  in  this 
house  —  a  high  one  under  the  drum,  a  mediiun  one  at  the  edge  of  the 
hover,  and  a  moderate  one  outside  the  hover.  The  chicks  work  and 
eat  in  the  moderate,  or  cooler,  temperature  and  sleep  in  the  mediimi 
and  warm  temperattu^s. 

Adaptability 

It  is  detrimental  to  the  growth  of  chickens  to  change  them  from  house 
to  hotise.  This  colony-house  system  will  accommodate  the  chickens 
from  shell  to  maturity,  by  substituting  perches  for  hover  when  the  diidc- 
ens  no  longer  need  heat  and  by  removing  the  cockerels  as  soon  as  they 
are  half  grown. 

In  winter  the  house  can  be  used  for  surplus  stock,  for  breeding  cockerels, 
pullets,  or  hens  for  sale,  and  even  for  a  pen  of  layers.  Several  of  the 
colony-houses  can  be  connected,  as  shown  in  Pigs.  48  and  49.  and  house 
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Pig.  48. —  Method  of  joining  two  houses.  The 
house  shown  is  different  in  a  few  details  from  the 
one  described  in  this  circular 


a  moderately  large  flock,  although  it  is  not  generally  practicable  to  use 
brooder-houses  for  laying  stock.    When  equipped  for  layers,  perches  and 

platform    should    be     added 
(Figs.  50  and  51.) 

Capacity 
Exercise  for  the  chicks  is 
exceedingly  important.  More 
room  for  working  and  for 
feeding  is  providal  in  this 
house  than  in  the  small  fifty- 
to-one-himdred-chick  brooders 
or  even  in  the  separate  pen 
of  a  long  brooder-house.  Un- 
like smaJl  brooders,  this  house 
provides  enough  room  for  the 
feeder  to  work  inside  the 
house.  At  the  same  time  it 
has  the  advantage  that  open- 
ing the  door  causes  less  change 
in  temperature  than  in  the  small  brooder.  The  colony-house  easily  accom- 
modates two  himdred  and  fifty  chicks.  A  smaUer  ntunber  can  be 
brooded  as  easily,  and  on  some  occasions  many  more  have  been  success- 
fully brooded  at  one  time. 

Economy 

The  cost  for  fuel  is  lugher  for  this  house  than  for  the  small  kerosene 
brooders  of  equal  capacity  or  for  coal-heated  brooders,  but  the  labor 
required  in  caring  for  chicks  in  the  colony-house  is  many  times  less  than 
in  several  kerosene  brooders  of  like  total  capacity.  The  labor  cost  is 
less  in  the  long-house  brooder,  but  the  cost 
of  construction  and  equipment  is  greater  and 
the  season  of  usefulness  is  shorter.  The  fuel 
capacity  is  sufficient  to  supply  the  heater  for 
several  days  and  the  burner  requires  but  little 
attention. 

Portability 

In  the  rearing  of  chickens  fresh  groimd  is 
exceedingly  desirable.  It  is  difficult  to  keep 
the  groimd  in  fresh  condition  when  it  is  used 
year  after  year,  and  especially  when  a  large 
ntunber  of  chicks  are  placed  on  a  compara- 
tively small  area.  The  colony  brooder  can 
««ily  be  moved  to  fresh  pasture  by  a  team  of 
horses.  In  Pig.  52  is  shown  a  colony-house  in 
a  cornfield,  an  admirable  place  for  chickens. 
It  is  so  constructed  that  it  can  be  drawn  on  its 
own  runners  or  elevated  upon  a  truck  or  skids. 


Fig.  49. — Galvanized  collar 
with  adjustable  shoulders^ 
used  to  connect  two  houses 
and  provide  a  runway 
between  two  pens 

If  drawn  on  its  own  run- 


ners it  travels  end  first  and  easily  passes  between  large  trees  in  an  orchard. 
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MANAGBMBNT 


The  management  of  the  New  York  State  colony  brooder  is  simple 
and  easy.    If  a  few  rules 
and  principles  are  followed, 
the  operation  of  the  system 
is  perfectly  safe.  g| 


Position  of  house  [ 


t  /      2-/0"        \ 


Ordinarily   it   is  prefer-    ^" 
able  to  face  the  front  of  the 


fej^lLS^  tMdtg 


house  toward  the  south  or  ^2!'X2^  J^LATS 

southeast.    However,  if  the  [^                                                 [^ 

prevailing  winds  are  from  >f|      ^         ^.     _  _                       \ 

the  south  or  southwest  it  ^£X^    S7X/0    . 

is  better  to  face  the  front   Pig.  ^o,— Front  view  of  the  ^ches  and  platform, 

toward    the   east.     Fre-  showing  their  position  in  the  rear  of  the  house, 

quently,  also,  the  slope  of  T^^P^f"^,  "  made  in  two  sections,  which  dimde 

^v^Mj ,  cMov,  v"v.  oiv^^  vyi.  ^^  ^^  middle  so  as  to  mahe  possible  its  removal 

the  ground  and  the  con-  from  the  building 
venience  of  the  feeder  make 

it    more    desirable   to  face  toward  the  east  rather  than  toward  the 
south. 


6-0^ 


ex.  -f  SUPPORT        ^  OIV/0£D  PUfTPOHM  fiiATC 


J 


Pig.  51. —  Sectional  drawing  of  the  back  part  of  the  house,  showing  perch  and  platform 
construction  as  arranged  for  a  pen  of  layers.  Note  the  loose  ax^-tnch  support  to  the 
platform  resting  on  we  two  plates.  The  perches  are  fastened  to  a  2X4'iru:h  support 
on  edge,  which  rests  on  the  platform.    See  Fig.  so 

The  building  should  be  carefully  leveled,  in  order  to  get  an -even  dis- 
tribution of  heat  in  the  building  and  under  the  hover.  This  leveling 
also  facilitates  the  operation  of  the  biuner. 

Windows 

The  muslin  curtain  in  the  door  will  allow  suflBcient  ventilation  during 
cold  days  and  nights.  During  warmer  weather  it  is  necessary  to  open 
either  the  front  glass  windows  or  the  rear  window,  and  in  extremely  warm 
weather  to  open  all  windows  and  door.  As  a  rule,  however,  the  rear 
window  should  be  closed  during  moderate  weather  while  the  front  windows 
are  open,  in  order  to  avoid  risk  of  too  strong  circulation. 

During  a  head  wind  it  often  becomes  necessary  to  close  all  the  front 
windows  and  curtains  and  sUghtly  open  the  rear  window.  This  practice 
allows  the  wind  that  enters  tlmnigh  the  curtain  and  the  cracks  in  the  front 
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wall  to  escape  through  the  back  window,  instead  of  blowing  down  through 
the  ventilating  space  in  the  heater  and  taking  much  of  the  heat  with  it. 


.C 


Fig.  ^. —  Use  of  the  colony-house  for  growing  fndUts,  The  house  is  located  in  a  com- 
field,  with  plots  of  rape  planted  near  by.  A  horse  and  wagon  makes  the  work  lighter  and 
quicker.  The  house  shown  in  the  picture  represents  an  older  type  than  -the  one  described 
%n  this  circular 

Lighting  the  burner 

The  parts  of  the  Dangler  biimer  are  illustrated  in  Fig.  53.    The  follow- 
ing directions  should  be  observed  in  its  operation: 

Turn  on  the  gasoline  supply  at  the  valve  in  the 

pipe  line.     Open  the  control  valve,  CV,  in  the  burner 

and  allow  the  generating  cup,  GC,  to  become  filled 

with  gasoline.      Close  the  control  valve.      Light  the 

gasoline  and  allow  it  to  bum  itself  out.     In  doing  so 

it  will  heat  the  oven  of  the  biuner  and  vaporize  the 

gasoline  passing  through  it.    Again  open  the 

control  valve.     Gas  instead  of  gasoline  will 

-V       come  out  of  it.    Ignite  the  gas  at  the  top  of 

the  heater,  or  cone, 
C,  so  that  the  flame 
will  be  above  it,  not 
tmder.  If  the  flame 
back-fires  and  bums 
from  beneath,  close 
the  valve  for  a  mo- 
ment, then  reopen 
and  ignite. 

Should  the  flame 
become  extinguished 
through  lack  of  gaso- 
line or  because  of  water  or  dirt  in  the  gasoline,  do  not  immediately  reUght. 
First  close  the  control  valve.    If  gasoUne  has  run  over  into  the  burner 


Fig.  53. —  The  Dangler  furnace  and  laboratory  lamp  burner 
No.  154:  CV,  control  valve;  GC,  generating  cup; 
O,  small  opening  in  valve  seat;  C,  cone 
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box,  be  sure  to  wipe  it  up  carefully  and  to  allow  the  fumes  to  escape  before 
relighting.  If  the  burner  is  very  warm,  allow  it  to  cool  before  attempting 
to  relight.  If  the  burner  is  still  hot  enough  to  generate  gas  it  can  be 
relighted  at  once;  but  if  it  is  only  warm  enough  to  partly  vaporize  the 
gasoline  there  is  danger  of  a  slight  explosion,  which  will  usually  do  no 
more  harm  than  to  startle  the  operator  and  perhaps  to  singe  the  hair 
from  his  hand  or  eyebrows. 

Gasoline 

A  mistake  very  generally  made  is  in  using  common  and  poor  grades 
of  gasoline.     The  Dangler  or  Omaha  furnace  burners  that  are  used  in 


this  system  soon  become 

kerosene.  The  flame  is 
gasoline.  The  ii^hter 
with  a  specific  gravity 
be  used.  A  gravity  test 
cost  is  greater  than  the 
tests  about  62.  A  special 
illustrated  in  Fig.  54. 
the    averaj^e    parage    or 

In  case  water  is  present 
lighted.  If  there  is  a 
ing  in  the  generating 
water  in  the  gasoline. 
ing  the  gasoline  through 

If     the     gasoline     is 


clogged  if  the  gasoline  contains  much 

extinguished  if  there  is  water  in  the 
grades  of  gasoline  are  b^t.  Gasoline 
test  of  less  than  68  or  72  should  not 
of  76  is  still  better,  but  the  additional 
increased  efficiency.  Motor  gasoline 
hydrometer  for  testing  gasoline  is 
Such  a  hydrometer  can  be  obtained  at 
can  be  bought  for  75  cents  to  $1.50. 
it  can  be  detected  when  the  burner  is 
sputtering  when  the  gasoline  is  bum- 
cup,  this  is  due  to  the  boiling  of 
The  water  can  be  removed  by  strain- 
a  piece  of  chamois  leather. 
hea\'^%  this  will  be  shown  by  yellow 


Fig.  54. —  A  hydrometer  for  testing  gasoline,  a  glass  container ,  and  a  earring  case.  The 
upper  scale  indicates  the  specific  gravity  of  the  gasoline  at  6&*  F.  The  right  lower  scale 
indicates  the  temperature  of  the  gasoline  in  (Ugrees  Fahrenheit.  The  left  lower  scale 
shows  the  amount  to  he  added  when  the  temperature  is  below  6d*  F,  and  the  amount  to 
he  subtracted  when  the  temperature  is  above  60^  F, 

streaks  in  the  flame.  The  flame  should  be  a  deep  blue  or  green,  with- 
out yellow.  If  the  flame  shows  much  yellow  there  is  danger  that  the 
burner  will  become  clogged  and  will  fail  to  work. 

If  the  gasoline  is  poor  the  burner  will  frequently  back-fire  and  bum 
from  below.  Occasionally  this  fault  is  due  to  poor  packing  in  the  burner 
or  to  a  clogging  in  the  pipe  system,  but  more  often  it  is  due  to  poor  gaso- 
line. Repeated  and  constant  difficulty  will  be  experienced  and  the  btuners 
will  be  condemned  as  useless  unless  good  gasoline  is  used. 

Use  of  other  types  of  houses 

This  heater  can  be  installed  in  other  houses  than  those  of  the  A-shaped 
type.    Care  should  be  taken  to  have  the  supply  tank  placed  as  high  as 
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in  the  A-shaped  house,  that  is,  with  at  least  6  feet  between  the  bottom 
of  the  tank  and  the  bottom  of  the  burner  box.  The  higher  the  tank  is, 
the  better  the  flame  will  be.  If  the  capacity  of  the  house  greatly  exceeds 
that  of  the  A-shaped  house,  it  would  be  well  to  install  two  heaters,  or 
to  have  the  house  of  very  tight  construction  with  ventilation  under 
perfect  control,  or  to  use  the  house  dtuing  the  warm  spring  months  only. 
The  supply  tank  should  not  be  exposed  to  the  weather;  the  hot  sun  would 
increase  the  evaporation,  causing  the  sides  of  the  tank  to  cave  in. 

Cautionary  measures 

Do  not  allow  the  burner  to  become  shifted  from  imder  the  center  of 
the  flue  or  to  lean  toward  one  side. 

Do  not  have  the  small  grate  in  the  top  of  the  burner  oven  tipped  on 
edge. 

Do  not  relight  the  burner  when  it  is  warm. 

Do  not  relight  the  burner  when  there  is  gasoline  on  the  floor  of  the 
burner  box. 

Do  not  use  poor  gasoline. 

Do  not  have  the  house  out  of  level. 

RE  COMMENDATIONS 

The  improved  New  York  State  colony  brooding  system  is  highly 
recommended  for  brooding  chickens  under  conditions  of  free  range. 
It  is  equally  suitable  for  use  singly  when  only  one  hatch  is  to  be  reared, 
or  in  a  series  where  several  thousand  chickens  are  to  be  reared.  It  is 
not  recommended  for  winter  brooding,  but  is  best  suited  for  brooding 
during  the  natural  brooding  season  —  the  months  of  March,  April,  and 
May.  It  provides  conditions  that  are  healthful,  sanitary,  and  conducive 
to  Uie  production  of  vigorous  stock. 
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CORNELL   UNIVERSITY 

AGRICULTURAL    EXPERIMENT   STATION    OP 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Animal  Husbandry 

TBE  FORMATION  OF  COW-TESTING  ASSOCIATIONS 

Henry  H.  Wing 

In  this  State  during  the  past  twenty  years  notable  advances  have  been 
made  in  the  practice  of  feeding  animals,  particularly  dairy  cows.  At  the 
present  time  it  may  be  said  that  the  majority  of  dairymen  are  feeding 
their  cows  with  intelligence  and  skill.  On  the  other  hand,  it  must  be 
recognized  that  the  average  production  of  the  dairy  cow  in  this  State 
is  not  large  enough  to  furnish  a  satisfactory  revenue  to  her  owner. 
Undoubtedly,  one  reason  for  this  condition  is  that  comparatively  few 
dairymen  give  much  attention  to  the  selection  of  theif  cows,  and  scarcely 
any  keep  records  of  individual  production  on  which  to  base  selection  for 
breeding  purposes.  There  are  good  reasons  for  believing  that  the  same 
attention  given  to  records  of  production,  selection,  and  careful,  system- 
atic breeding  from  improved  sires  would  result  in  quite  as  much  benefit 
to  the  dairjmien  as  has  been  secured  by  greater  attention  to  the  principles 
of  feeding,  as  indicated  above. 

PRODUCTION  OP  MILK  IN  1899  AND  I909  IN  NEW  YORK  STATE 

The  most  readily  available  data  concerning  the  production  of  cows 
in  the  State  of  New  York  are  drawn  irom  the  reports  of  the  Twelfth 
Census  in  1900  and  the  Thirteenth  Census  in  1910.  We  find  tJiat  in  1899 
there  were  1,501,608  cows  in  the  State  and  that  their  average  production 
of  milk  was  4,378  pounds.  In  1909,  there  were  1,509,594  cows  in  the 
State  with  an  average  production  of  milk  of  4,410  potmds,  which  shows 
that  in  number  of  cows  and  in  average  production  there  had  been  practically 
no  change  in  ten  years. 

Wide  variations  in  certain  counties 

While  these  statistics  for  the  State  as  a  whole  have  remained  nearly 
stationary,  there  have  been  notable  variations  in  many  of  the  counties. 
These  changes  are  apparent  not  so  much  in  the  number  of  cows  kept,  as 
in  the  increase  and  decrease  of  the  average  production  of  milk.  The 
following  table  shows  for  each  county  in  the  State  the  number  of  cows, 
the  average  production  of  milk  in  1899  and  1909,  the  increase  or  decrease 
in  production,  and  the  relative  rank  of  the  county  at  the  banning  and 
at  the  close  of  the  decade: 
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TABLE  I.    Data  op  Milk  PRODUcnoN  for  1899  amd  1909 


Cottnty 


Total 
number  of 
GOws,i909 


Average 

yield 

in 

pounds, 
i«99 


Avera« 

yiela 

in 

pounds, 
1909 


Increase 

or 
decrease 


Rank  in  yield 
per  cow 


1899 


1909 


Albany 

Allegany 

Broome 

Cattaraugus. 

Cayuga 

Chautauqua. 

Chemung 

Chenango. . . 

Clinton 

Columbia. . . 
Cortland.... 

Delaware 

Dutchess 

Erie 

Essex 

Franklin 

Fulton 

Genesee 

Greene 

Hamilton 

Herkimer 

Jefiferson 

Kin^ 

Lewis 

Livingston... 

Madison 

Monroe 

Montgomery 

Nassau 

New  York... 

Nia^;ara 

Oneida 

Onondaga . . . 

Ontario 

Orange 

Orleans 

Osw^o 

Ots^[o 

Putnam 

Queens 

Rensselaer... 
Richmond. .  - 

Rockland 

St.  Lawrence 

Saratoga 

Schenectady. 

Schoharie 

Schuyler 

Seneca 

Steuben 

Suffolk 

Sullivan 


13 
39 
29 
59 
27 
49 
II 
50 
25 
16 

27 

78 

31 

44 

10 

28 

9 

.  13 

15 

I 

40 

64 

36 
17 
36 
17 
22 

2 

13 
64 
36 
13 

45 
7 

40 

52 
8 
I 

19 

2 

100 

16 

4 
26 

5 
7 

37 
5 

21 


.4«3 
573 
.648 

779 
.199 
,648 

035 
711 
032 
,126 
427 
073 
241 

331 
.634 
,964 

.835 
.768 

423 
,183 

.855 
"3 
.291 
.859 
994 
.198 
.804 

.389 
266 
,058 
.779 
330 
,272 
,882 
»247 
774 
920 

425 
,968 
.804 

704 
,268 

537 
224 

929 
.138 
945 
439 
599 
.996 
230 


5.085 
3.724 
4.229 
4.286 
4.817 
4.066 
4.508 
4.593 
3.448 
4.571 
4. 161 

4.854 
4.975 
4.784 
3.657 
3.599 
3.837 
4.842 
5.261 

3.635 
4.066 
4.284 
3.541 
3.929 
4.700 

4,679 
5.272 
4.212 
4.073 
5.535 
5. 181 

3.839 
4.694 
5.239 
5.388 
4.593 
3.787 
4.224 
5.306 
6,249 
4.798 
5.136 
4.408 
4.004 
4.388 
4.568 
4.882 
5.005 

5.159 
4.0Q2 
4.104 

3»505 


4.599 
4.208 
4.690 
4.196 
4.387 
4.004 
4.270 
5.013 
3.462 

4.094 
4.882 
4.476 
5.103 
4.689 
3.953 
3.735 
3.913 
4,260 


179 

754 

572 

310 

140 

317 

4.363 

5.146 

4.301 

4.895 

4.761 

5.808 

3.967 

4.595 

4.925 

4.102 

5.723 
3.830 
4.187 
4.502 
5.127 
8,151 
4.294 
6,698 
4.272 
4.027 
3.777 
4.244 
4.474 
4,610 

4.123 
3.717 
3.958 
3.42s 


—486 

484 
461 


—430 

—62 

—238 

420 

14 

—477 

721 

-378 

128 

—95 

296 

136 

76 

—582 

-1,082 

119 

506 

26 

3.599 
388 

—337 
467 

—971 
683 
688 
273 

231 
-I. 137 
335 
-763 
400 
278 

—179 
1.902 

—504 
1,562 
—136 
23 
II 


—324 
—408 

—395 

-I .036 

-285 

— 146 


12 

55 
37 
35 
18 

46 
31 
27 
61 

29 
40 
16 

H 
21 

56 
58 
53 
17 
6 

57 
47 
36 
59 
50 
23 
25 

5 
39 
45 

2 

9 
52 
24 

8 

54 
38 
4 
I 
20 
II 
33 
48 
34 
30 
15 
13 

13 

49 
42 
60 


19 
37 
16 
38 
26 
48 
33 
10 
60 
43 
14 
24 
9 
17 
51 
58 
53 
34 
40 

57 
21 

29 

2 
28 

27 

6 

30 

13 

15 

4 

49 

20 

12 

42 

5 

54 

39 

I 
31 

3 
32 
47 
55 
36 
25 
18 

41 
59 
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TABLE  I  (canduded) 


County 


Tioga 

Tompkins . . 

Ulster 

Warren .... 
Washingtcr. 

Wayne 

Westchester 
Wyoming.  . 
Yates 


Total 
number  of 
cowSf  1909 


16.430 
15.008 
23.065 

5.397 
28.169 
20.645 

H,475 

28.066 

5.566 


Average 

yield 

in 

pounds. 
1899 


4.641 
4.802 
4.124 
3.851 
4.103 

4.459 
4.709 
4.097 
5.240 


Avera^ 

yield 

in 

pounds, 
1909 


4.962 
4.562 
3.942 
3.771 
4.075 
4,089 

5.139 
4.247 
4.085 


Increase 

or 
decrease 


321 
—240 
-t-182 


—28 

—370 

430 

150 

—1. 155 


Rank  in  yield 
per  cow 


1899 


26 
19 
41 
51 
43 
32 
22 

44 
7 


1909 


II 
22 

52 
56 
46 
44 
7 
35 
45 


Some  of  the  wide  variations  shown  in  the  above  table,  partictilarly 
in  those  counties  that  have  a  small  number  of  cows,  may  be  due  to  errors 
made  in  taking  the  census,  but  without  doubt  the  figiu-es  give  a  fairly 
accurate  idea  of  the  average  production  of  dairy  cows.  In  looking  over 
the  table  the  reader  will  notice  that  those  counties  which  have  the  largest 
number  of  cows  and  give  most  attention  to  daiiying  are,  in  most  cases, 
tJie  counties  in  which  the  largest  gains  were  made  between  1900  and  1910. 


Influence  of  purely  bred  stock 

It  is  also  of  intei-est  to  inquire  as  to  the  effect  that  the  introduction  of  • 
ptirely  bred  animals  may  have  had  on  the  average  dsdry  production.  The  [ 
number  of  purely  bred  dairy  cattle  has  increased  rapidly  in  the  last  ten 
ytjars,  as  the  re(X)rds  of  the  various  herdbook  associations  show;  but,  as 
the  federal  census  has  never  attempted  to  gather  statistics  of  piu-dy  bred 
flbiimals,  there  is  no  direct  means  of  making  such  comparison.  In  1910 
the  Commissioner  of  Agriculture  of  the  State  of  New  York  gathered  and 
published  as  complete  a  list  as  possible  of  the  purely  bred  live-stock  in 
the  State.*  The  figures  published  in  this  bulletin  are  confessedly  incom- 
plete, but  there  is  no  reason  to  believe  that  they  are  not  relativdy  appli- 
cable to  all  parts  of  the  State.  It  is  likewise  reasonable  to  suppose  that 
in  those  parts  of  the  State  where  the  most  piu-e-breds  are  found,  there 
is  to  be  found  also  the  greatest  proportion  of  grade  animals  of  the  same 
breed.  The  twenty  counties  in  the  State  having  the  largest  niunber  of 
dairy  cows  include  969,352  of  the  total  of  1,509,594  cows,  or  nearly  two 
thirds  of  the  whole.  If  these  cotmties  are  arranged,  then,  in  order  of 
highest  percentage  of  pure-bred  cattle  to  dairy  cows,  the  following  table 
results: 


*  Bulletin  17.  New  York  State  Department  of  Afirncuhure. 
fiw«-^ock  in-N«w  York  State.     By  Raymnnd  A,  Pttaraoa. 


A  partial  Hst  ol  the  owners  of  pure-bred 
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TABLE  2.    RxLATioN  or  Incsbasb  in  Production  to  PSRCBNTius  op  Pusb-i 

Cattlb 


Comity 


Number 

of  daily 

00W8 


Nttmberof 

pure-bred 

cattle 


Per- 
oentageof 
pure-bred 
cattle  to 

dairy 

cows 


Average 
yield  per 
cow,  1 910 
(pounds 
of  milk) 


Increase 
1900-1910 


Madlsoo.... 
Onondaga... 

Allegany 

Ora^ 

Chenango. . . 

Otaeco 

DutdiMS... 

OiwegQ 

Jefferson. . . . 
Heridmer. .. 

Steuben 

Oneida 

St.  Lawrence 

Erie 

Chautauqua. 

Lewis 

Delaware 

Cattaraugus. 

Broome 

Pranldin 


36,994 
36,330 
39.573 
45.8«2 

50,711 
5^.9^0 
31.241 

S.774 
,855 
40,423 
37.599 
64,779 
100.537 
44.331 
49.648 
36,291 

78.073 
59.779 
29,6^ 
38, 


3.866 
2.507 
1.976 

3,231 
2,049 

1.905 
I,I30 
1,302 
2.015 

1. 175 
1,064 

1,691 
2,371 

775 
772 
516 
1,109 
838 
331 
273 


10.45 
6.90 

4.99 
4.84 
4.04 
3.60 
3.58 
3.19 
3.11 
2.91 
2.83 
2.61 
2.35 
75 
55 
42 
42 
40 
12 


I 
I 
I 
I 
I 
I 
0.94 


5.146 
4.925 
4,208 

5.723 
5.013 
4.502 
5.103 
4.187 
4.310 
4.572 
3.717 
4.595 
4.027 
4,689 
4,004 
4,317 
4.476 
4.196 
4,690 
3.735 


467 

^ 

335 
420 
278 
128 

12 

IS 

23 

=11 

388 
—378 

461 

136 


The  table  shows  clearly  the  influence  of  purely  bred  animals.  The 
oounties  containing  the  largest  proportion  of  pure-breds  indude  the 
counties  in  wluch  the  average  yidd  was  highest  and  the  counties  which 
made  the  largest  increase  in  jddd  during  theten  years.  Of  the  ten  counties 
having  the  highest  percentage  of  purdy  bred  animals,  aU  but  one  made  a 
notable  increase  firom  1900  to  xgio;  while  in  the  ten  cotmties  containing  the 
anallest  proportion  of  pure-breds,  five  showeda  distinct  lossand  only  three 
diowed  a  considerate  gain. 

NECBSsrrr  for  high-prooucino  animals 

In  order  to  determine  whether  or  not  the  average  cow  is  profitable 
to  her  owner,  it  is  necessary  to  make  a  calculation  of  the  value  of  her 
product  and  the  cost  of  maintenance  for  a  year.  Lacking  accurate  data 
vor  a  large  ntm:xber  of  individuals,  such  a  calculation  must  be  largdy 
in  the  nature  of  an  estimate,  and  it  is  governed  to  a  considerable  extent 
by  lo(^  market  fluctuations  in  prices  of  food  and  dairy  products.  The 
following  is  therefore  given  as  an  estimate,  to  be  varied  in  any  respect 
as  particular  conditions  seem  to  warrant.  In  other  words,  it  tnereiy 
gives  a  basis  for  any  estimate  that  an  individual  daixyman  may  see  fit 
to  make  in  regard  to  his  own  herd. 
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Valub  op  Pkoducts  pkom  thb  Average  Daiey  Cow  in  New  Yoke  State* 

4»4io  lbs.  milk  at  $1.50  per  100  lbs $66  1$ 

4,410  lbs.  milk  (3.8  per  cent  fat  plus  i)  =  195.5  lbs.  butter,  at  35 

cents 68  43 

4,410  lbs.  milk  (9  lbs.  milk  for  i  lb.  cheese)  =  490  lbs.  cheese,  at 

13  cents 63  70 

Average $66  09 

Cost  op  Food  and  Maintenance  * 

26  weeks  pasture  at  30  cents $7  80 

40  lbs.  silage  per  day  for  x8o  days  at  $3.50  per  ton 12  60 

ID  lbs.  hay  per  day  for  180  days  at  $12  per  ton 10  80 

1,470  lbs.  grain  at  $30  per  ton aa  05 

(i  lb.  of  grain  for  each  3  lbs.  of  milk,  or  7  lbs.  per  day  for 
7  months) 

Cost  of  food $53  ^5 

Depreciation,  $25  in  'five  years,  per  year 5  00 

Interest  on  investment,  $75  per  cow  at  6  per  cent 4  50 

Balance  available  to  pay  for  labor 3  34 

Total $66  09 

Prom  this  estimate  it  appears  that  the  owner  of  the  average  dairy  cow 
will  have  about  $4.25  to  pay  for  labor.  Whether  or  not  this  is  a  sufficient 
amount,  each  owner  must  determine  for  himself.  On  Hie  basis  that  it 
would  require  the  entire  labor  of  one  man  to  feed,  care  for,  and  milk 
twenty  cows,  it  would  mean  a  labor  return  of  only  $85  for  the  year, 
whidi  is  far  below  the  lowest  wage  paid  to  ordinary  farm  labor. 

It  may  be  concluded  that  the  average  cow  yields  small  return  to  her 
owner  for  the  labor  expended  on  her,  and  it  seems  safe  to  assume  that,  in 
order  to  place  dairy  farming  on  a  satisfactory  basis,  cows  that  will  produce 
more  thsm  4,500  pounds  of  nulk  per  year  are  necessary.  That  such  cows 
have  existed  and  can  be  produced  is  shown  by  Table  2,  since  the  average 
production  in  many  cotmties  is  appreciably  above  that  of  the  State  at 
lai^e.  These  figtu'es  would  imdoubtedly  be  still  more  striking  if  the  poor 
cows  all  through  the  State  could  be  separated  from  the  large  producers. 
All  evidence  goes  to  show  that  the  dairy  business  maintains  a  fairly  profit- 
able status  only  becatise  good  individual  producers  make  up  for  the 
deficiencies  of  poor  ones. 

VALUE  OP  RECORDS 

The  elimination  of  low-producing  animals  is  without  doubt  the  first 
Step  toward  improvement,  and  this  elimination  cannot  be  brought  about 
successfully  imless  records  of  production  of  each  cow  are  kept  systemat- 
ically.    Along  with  such  records  of  production,  it  is  at  least  highly  desirable, 

*  Ho  cbatge  has  been  made  in  this  estimate  for  use  of  boildinft  and  eqaipment,  nor  if  any  crtdH 
given  to  the  animal  for  manure. 
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if  not  absolutely  essential,  that  a  record  of  food  consumed  be  kept  as  wdL 
There  is  no  reason  why  any  dauyman  cannot  himself  keep  the  records 
that  are  necessary  for  this  selection.  If  a  dairyman  keeps  his  own  records, 
he  is  more  likely  to  make  intelligent  and  prd&table  use  of  them  than  if 
they  are  kept  for  him  by  some  one  else.  The  fact  that  most  dairymen 
do  not  keep  such  records  has  led  to  the  formation  of  cow-testing  associa- 
tions. By  cooperative  effort,  a  dairyman  may  obtain  at  CTiall  cost 
information  that  in  most  cases  he  would  not  take  the  trouble  to  obtain  for 
himself. 

COW-TESTING  ASSOCIATIONS 

Cow-testing  associations  may  be  organized  in  various  ways  and  under 
various  plans,  and  each  association  should  be  organized  with  due  r^;ard 
to  its  own  local  conditions.  The  essential  feature  in  any  organization 
is  to  employ  a  reliable,  painstaking  man  to  do  the  work.  Such  organiz^ 
tions  have  been  in  successful  operation  for  several  years,  and  it  woulci 
seem  that  the  time  is  ripe  for  the  dairymen  of  New  York  State  to  avail 
themselves  more  generally  of  these  organizations,  in  order  to  make  business 
more  satisfactory  and  more  profitable. 

The  Delhi  ccw-testing  association 

The  best  argtmient  for  the  formation  of  a  cow-testing  assodaticn  ii 
any  given  locaUty  is  to  show  the  benefits  that  have  already  been  obtained 
elsewhere.  Such  an  illustration  may  be  taken  from  the  results  of  the 
cow-testing  association  at  Delhi  in  Delaware  .county,  as  reported  in  Bul- 
letin 30  of  the  Department  of  Agriculture,  State  of  New  York,  December, 
1911.    These  resiilts  appear  in  the  following  table: 

TABLE  3.    Amount  of  Milk  Deliverbd  to  Factory  per  Cow 


Herd 


April,  1909,  to  March, 
1910 


Number 
of  cows 


Pounds 
of  milk 


Association  year, 

April,  1910,  to  March, 

191 1 


Number 
of  cows 


Pounds 
of  milk 


Increase  for 
association  year 


Pounds 


Per. 
centage 


I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
14 


37 
16 

24 
45 
25 
60 
28 
as 
34 
35 
40 

34 
36 


3.488 
5.027 
4.030 
3.641 
2.985 
4.171 
4,261 

5.174 
4,090 

5.263 
5.173 
5.119 
4.437 
3.863 


16 
18 
50 
25 
60 
28 
25 
34 
35 
40 

34 
36 


5.090 
6,446 
5.294 
4.708 
3.755 
4.933 
4.934 
5.423 
4.397 
5.527 
5.182 
5.096 
4.369 
3.550 


1,602 

1. 419 

1,264 

1,067 

770 

762 

673 
249 

307 
264 

9 

—23 

—68 

—313 


46 

2S 

31 
29 
26 
18 
16 


5 
o 


The  above  table  reveals  several  matters  of  interest.     Perhaps  the  most 
striking  fact  is  that  a  oow-testing  association  tests  the  owners  as  well  as 
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the  cows.  Of  the  fourteen  owners  represented  in  the  association,  four 
recrived  no  benefits  whatever,  at  least  so  far  as  the  production  of  their 
animals  was  concerned.  Five  owners  increased  the  productiveness  of 
their  cows  more  than  25  per  cent  in  a  single  year,  and  in  one  case  46  per 
cent.  External  evidence  showed  that  this  improvement  came  <wily 
through  the  weeding  out  of  animals  whose  inferiority  was  revealed  by  the 
results  of  the  tests  made  by  the  association.  It  diould  be  noticed  also 
that  those  herds  which  were  made  up  of  high-yielding  animals  were  capable 
of  improvement  as  well  as  those  in  whidi  the  cows  yidded  much  less; 
a  comparison  of  herds  i  and  2  shows  this  clearly.  In  respect  to  herd  3, 
it  is  of  interest  to  note  that  in  the  association  year  18  cows  produced 
within  1,500  pounds  as  much  as  24  cows  produced  in  the  precemng  year. 
These  herds  represent  records  made  in  a  single  loadity  including  about 
500  cows.  If  the  1,500,000  cows  of  the  State  were  divided  into  3,000 
groups  of  500  each,  and  each  group  were  tested  in  the  same  manner  as 
that  of  the  Delhi  Association,  the  benefits  accruing  therefrom  could 
'scarcely  be  measured.  It  would  seem  as  though  there  were  room  for 
3,000  cow-testing  associations  in  this  State. 

DETAILS  OP  ORGANIZATION 

The  most  feasible  method  of  organizing  seems  to  be  for  twenty-five 
or  twenty-six  dairies  to  form  a  cow-testing  association.  Each  owner 
must  agree  to  weigh  the  milk  of  each  cow  every  day,  and  the  tester  must 
test  the  milk  of  eaich  cow  at  least  for  one  day  of  each  month.  The  tester 
himself  may  visit  the  several  farms  in  turn  and  take  samples  for  making 
the  test,  or  the  owners  themselves  may  take  samples  and  carry  them  to 
a  central  point  to  be  tested.  In  either  case  the  tester  makes  the  tests, 
calculates  the  production  of  fat  of  each  cow  for  the  month,  records  the 
production  and  the  food  consumed,  and  reports  regularly  to  the  owner  on 
blanks  furnished  for  the  purpose. 

The  details  of  carrying  out  this  work  may  be  varied  to  suit  conditions. 
Experience  has  shown  that  an  assessment  of  one  dollar  for  each  cow 
represented  in  the  association  will  cover  the  expense  of  the  work  for 
a  year  in  the  larger  associations,  and  in  some  cases  it  has  been  done  for 
somewhat  less  than  this. 

Official  tester 

Under  any  form  of  organization,  much  will  depend  on  the  ofiicial  tester 
employed.  First  of  all  he  should  be  a  man  who  will  command  the  respect 
of  the  members  of  the  organization.  He  should  be  interested  in  the  work. 
He  ^ould  be  able  to  make  a  reliable  Babcock  test.  He  should  be  a 
reasonably  neat  penman,  fairly  rapid  and  accurate  in  ordinary  arithmetical 
calculations.    Such  a  man  wUl  command  $40  to  $75  per  month. 

Apparatus  required 

Babcock  tester  —  not  less  than  lo-bottle  size.  If  it  is  to  be  used  in  a 
creamery  where  steam  is  available,  it  should  be  at  least  24-bottle  size. 

A  supply  of  Babcock  glassware  (State  brand).    A^  least  twice  as  many 
test  bottles  as  the  capacity  of  the  machine,  with  add  measure,  pipettes, 
thermometer,  and  other  equipment. 
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Sulfuric  add  in  sufficient  amount.  About  a  pint  or  two  pounds  per 
cow  per  year. 

Sixty-pound  spring  balance  scales,  graded  to  tenths. 

As  many  wide-mouth  sample  bottles  as  there  are  cows  in  the  largest 
herd  to  be  tested.  Each  bottle  should  be  supplied  with  a  numbmd 
metal  band,  or  otherwise  plainly  and  dtuably  labded. 

A  supply  of  record  blanks,  ruled  so  that  the  whole  record  for  a  cow  for 
a  year  can  be  entered  on  it. 

The  cost  of  the  above  should  be  approximatdy  as  follows: 

Wages  of  man  one  year  at  $50  per  month .^. $600  00 

lo-bottle  Babcock  tester,  $10,  {  original  cost  each  year 2  50 

Extra  glassware  and  breakage 10  00 

125  gallons  sulfuric  add  at  55  cents  per  gallon 68  75 

I  set  spring  balances 5  00 

4  dozen  sample  bottles 10  00 

Record  blanks 20  00 


$716  25 


Form  of  agreement 

Before  a  cow-testing  association  is  organized  each  person  who  intends 
to  join  should  sign  a  definite  agreement  to  that  effect,  in  order  that  there 
may  be  no  misunderstanding  and  that  the  organization  may  be  put  on 
a  substantial  finandal  basis.  A  simple  form  for  such  an  agreement  is 
given  herewith.  Any  details  necessary  or  desirable  for  particular  associa- 
tions should  be  added,  of  course. 

191 .. . 

I, ,  herewith  agree  to  join  the 

Cow-testing  Association,  and  I 

agree  to  enter cows  therein,  for  which  I  agree  to 

pay  to  the  treasurer  of  the  Association dollars  for 

each  cow  (or dollars  each  month).    To  be  paid  on 

the  first  day  of  each  month,  in  twdve  pajonents,  from 

191 ....  to 191 

Signed 

In  presence  of 

Constitution  of  association 

Eadi  cow-testing  association  should  be  formally  organized  with  the 
usual  officers  and  with  a  simple  but  explidt  set  of  by-laws  for  its  govern- 
ment. It  will  be  a  distinct  advantage  if  each  association  holds  stated 
meetings.  There  is  no  reason  why  a  cow-testing  association  should  not 
be  orgsmized  as  an  affiliated  association  of  any  lo^  grange,  in  which  case 
formal  by-laws  would  probably  not  be  necessary.  For  an  independent 
organization  the  following  might  serve  as  a  framework: 

Constitution  and  by-laws  of  the Cow- 
testing  Association  of 

I.  This  Association  shall  be  known  as  the 

Cow-testing  Association. 
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2.  The  officers  shall  ooosist  of  a  Preddent,  Vice-president,  Secretary, 
and  Treasurer. 

3.  The  (^cers  shall  be  dected  by  the  members  of  the  Association  at 
the  annual  meeting,  and  shall  hold  office  for  one  year  or  tmtil  their  succes- 
sors are  elected. 

4.  The  officers  above  named  shall  constitute  an  executive  committee, 
who  shall  have  general  charge  of  the  aflEairs  of  the  Association. 

5.  The  annual  meeting  shall  be  held  on  the day  of 

(January  or  February  is  suggested). 

6.  Monthly  meetings  shall  be  held  at  such  time  and  place  as  shall  be 
designated  by  the  executive  committee. 

7.  The  official  tester  shall  be  employed  by  the  executive  committee, 
shall  continue  under  its  general  direction,  and  shall  be  responsible  to  it. 

8.  No  member  shall  withdraw  from  tJie  association  during  the  year 
for  which  he  agreed  to  join,  and  each  member  shall  pay  a  memberehip 
fee  of  $1  for  the  purposes  of  the  organization. 

9.  New  members  may  be  admitted  at  any  time  on  vote  of  the 
association. 

10.  These  articles  may  be  altered  or  amended  at  any  regularly  called 
meeting  of  the  association,  provided  two  weeks  notice  of  such  amaidment 
is  given  in  writing  to  the  Secretary  of  the  Association. 

COOPERATION  WITH  THE  NEW  YORK  STATE   COLLEGE  OP  AGRICULTURE 

In  view  of  the  large  importance  to  the  dairy  interests  of  the  State  in 
obtaining  a  larger  average  yield  per  cow,  the  New  York  State  CoU^e  of 
Agriculture  will  be  glad  to  cooperate  in  the  formation  and  operation  of 
cow-testing  associations,  as  follows: 

Whenever,  in  any  locality,  twenty-five  or  twenty-six  dairymen  repre- 
senting not  less  than  500  cows  are  ready  to  form  a  cow-testing  association, 
the  New  York  State  College  of  Agriculture,  through  its  Department  of 
Animal  Husbandry,  will  send  a  representative  to  assist  in  perfecting  the 
organization.  It  is  distinctly  understood  that  the  New  York  State  CoU^e 
of  Agriculture  will  not  canvass  for  the  preliminary  organization.  The 
initiative  must  come  from  those  desiring  to  engage  in  the  work. 

If  desired,  the  College  of  Agriculture  will  recommend  the  services  of 
a  competent  person  to  act  as  tester  for  the  organization,  and  will  oversee 
his  work  in  the  beginning.  When  possible,  it  wUl  also  send  a  representative 
to  address  a  public  meeting  of  farmers  or  dairymen  in  order  to  encoiuage 
the  formation  of  a  cow-testing  association. 

In  any  locality,  it  will  tmdoutedly  be  necessary  for  some  public-spirited 
individtial  to  take  upon  himself  the  task  of  canvassing  for  the  preliminary 
interest  in  the  organization.  Any  one  engaging  in  tlus  work  and  desiring 
the  cooperation  of  the  New  York  State  College  of  Agriculture  should  cor- 
respK)nd  with  H.  H.  Wing,  Professor  of  Axmnal  Husbandryt  College  of 
Agriculture,  Ithaca,  New  York. 
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CORNELL    UNIVERSITY 

AGRICULTURAL  EXPERIMENT  STATION   OF 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Daiiy  Industry 


MILKING    MACHINES:    THEIR    STERILIZATION    AND    THEIR 
EFFICIENCT   IN    PRODUCING   CLEAN   MILK 

Lois  W.  Wing 

Public  opinion  has  been  so  aroused  during  recent  years  that  the  demand 
for  clean  milk  has  now  become  insistent.  As  a  result  much  attention  is 
being  given  to  the  best  and  most  economical  means  for  providing  the 


Fig.  58. —  Milkers  in  use 

clean  product.  Since  it  is  known  that  the  presence  of  bacteria  and  dirt 
threatens  the  purity  of  milk,  the  aim  of  the  producer  is  to  prevent  their 
introduction. 

Under  ordinary  conditions,  the  main  sources  of  contamination  are  the 
dust  and  dirt  from  the  body  of  the  cow,  the  air  of  the  stable,  the  milker, 
and  poorly  washed,  non-sterile  utensils.  By  the  use  of  a  mechanical 
device  to  carry  the  milk  directly  from  the  udder  to  a  covered  pail,  much 
of  this  contamination  may  be  eliminated.  When  such  a  device  is  used  one 
would  naturally  expect  to  obtain  milk  nearly  free  from  dirt  and  bacteria. 
In  spite  of  the  fact  that  the  milking  machine  has  greatly  reduced  con- 

[901I 


Digitized 


by  Google 


902 


Circular  No.  i8 


tammation,  new  factors  have  been  introdticed  which  i\p!manA  attrition. 
The  tubes  that  cany  the  milk  aie  long  and  are  made  of  rubber,  and  are 
therefore  difficult  to  clean.  Previous  investigators  have  shown  that  it 
is  possible  to  produce  dean  milk  with  the  milking  machine,  but  that 
great  care  is  needed  and  much  time  and  labor  aie  required  to  sterilize 
the  machines.^ 

In  the  present  series  of  experiments  the  writer  had  two  objects  in 
view:  fibrst,  to  test  the  efficiency  of  machines  in  producing  a  high  grade  of 
milk;  second,  to  determine  the  amount  of  care  necessary  in  orc^  to  keep 
p^ar>hinffs  in  a  Sterile  condition. 

The  first  experiments  were  conducted  at  a  laboratory  and  farm  near 
Little  Palls,  New  York,  in  the  year  191 1.  The  bam  was  in  good  condition. 
Hie  stable  was  whitewashed  and  had  a  plank  floor.  The  feeding  alley, 
mangers,  and  drop  were  of  cement.  The  place  was  fairiy  dean,  although 
no  unusual  care  was  given  either  the  stable  or  the  cows.  The  machines 
used  throughout  the  experiment  were  the  Bunell-Lawrence-Kennedy  cow- 
milkers. 

COUNTS  OP  BACTERIA  AFTER  MACHINES  HAD  BEEN  TREATED  IN  BRINE 

SOLUTION 

Samples  of  milk  for  bacteria  counts  were  taken  every  night  and  plated 
into  lactose  agar  within  thirty  minutes  after  milking.    Dilutions  of  i :  100 
and  1 :5o  were  used  and  the  plates  incubated  thirty-six  hours  at  37°  C.  ' 
The  plates  were  then  counted,  and  the  number  of  bacteria  per  cubic 
centimeter  of  milk  were  calculated. 

Prom  July  19  to  31  inclusive,  the  machines  received  the  following 
treatment:  After  each  milking  the  pails  and  tubes  received  a  thorough 
washing  with  hot  water  and  washing  powder.  The  tubes  were  then  placed 
in  a  brine  containing  about  1 5  per  cent  salt  (NaCl).  Before  milking,  the 
pails  and  tubes  were  rinsed  with  hot  water.  In  Table  i  are  shown  the 
counts  that  were  obtained  when  the  machines  received  this  treatment: 


TABLE  I. 


Bacteria  per  Cubic  Centimeter  op  Milk  from  Machines  That 
Had  Received  the  Treatment  Described  Above 


Date 


,uly  19.. 
^  uly  20. . 
]  Illy  21.. 
uly  22. . 
,  uly  24.. 

uly  26. . 
.uly  27.. 

uly  28. . 
;  uly  29.. 
July  31.. 


Average. 


Cow  I 


11,125 

2,225 

1,025 

650 

687 

487 

1,437 

^.350 

1.637 

687 

1,050 


2,033 


Cow  2 


3,200 
1.750 

700 
1,600 
1,012 

975 
1,250 
2,250 
12,300 
4.512 
1,100 


2,786 


Cow  3 


4,500 
800 
537 
285 
937 
287 

2.637 
150 
661 


1,199 


Cow  4 


1.550 
725 
425 
325 
5,012 
8,112 
400 
750 
350 


1. 961 


Cow  5 


700 
450 
366 
425 
4,337 
212 

925 

1. 312 

500 


1,025 


Cow  6 


1,475 

1,175 

1.525 

1,375 

750 

«75 

8,237 

812 

2.850 

1,125 

1,288 


1.953 


Cow  7 


2,825 
1,800 
2.150 

1,425 

1,012 

1.087 

912 

337 

10.550 

612 

483 


2,I08 


*  Bulletin  93,  Bureftu  of  Animal  Industry,  UniUd  States 
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The  counts  in  this  table  indicate  that  the  milk  was  of  good  quality 
from  the  bacteriological  standpoint.    They  are  higher,  however,  than  the 
tisual   germ   content   of  the  cow's  udder  and   indicate   the   existence 
of  an  external  source  of  contami- 
nation. 

In  order  to  find  this  suspected 
source  of  contamination,  samples 
were  taken  from  the  brine  in 
which  the  rubber  tubes  and  tlje 
teat-cups  were  treated.  The 
samples  were  taken  from  different 
parts  of  the  tank  and  plated  for 
bacteria.  So  many  colonies  devel- 
oped in  the  culture  plates  that 
it  was  impossible  to  coimt  them. 
It  was  evident  that  the  brine 
solution  was  not  keeping  the 
rubber  tubes  sterile,  and  that 
other  solutions  with  germicidal 
as  well  as  antiseptic  properties 
must  be  sought.  The  use  of  salt 
in  the  solution  is  advisable  be- 
cause of  its  powers  as  a  preserv- 
ative for  rubber. 

TESTS  OP  BRINE  SOLUTION  IN  COM- 
BINATION WITH  OTHER  MATERIALS 

Experiments  i,  2,  j. — In  order 
to  learn  the  sterilizing  power  of  certain  other  materials  which  could  be 
used  with  the  salt,  some  brine  that  had  been  in  use  for  a  week  was 
divided  into  three  parts.  To  the  first  was  added  one  part  in  ten  of 
hydrogen  peroxid  (H2O1);  to  the  second,  one  part  in  ten  of  alcohol;  and 
to  the  third,  two  teaspoonfuls  of  permanganate  of  potash  (KMnOi).  In 
Table  2  is  shown  the  influence  of  these  substances  on  the  development  of 
bacteria  when  used  with  the  salt  solution: 


Pig.  59. —  Milker  ready  for  use 


TABLE  2. 


Influence  of  Alcohol,  Hydrogen  Peroxid,  and  Permanganate  of 
Potash  on  Bacteria 


Time 


Bacteria  per  cubic  centimeter 


Brine  and  hydrogen 


peroxid  (! 


lydroge 
H,0.) 


Brine 

and 

alcohol 


Brine  and 

permanganate 

of  potash 

(KMnOO 


7  hours 
24  hours 
52  hours 


300 

612 

1.387 


675 

975 

1,250 


Sterile 
Discarded 


Before  the  other  materials  were  added,  the  original  count  of  brine  was 
330,000  bacteria  per  cubic  centimeter.  It  will  be  noted  that  each  of  these 
substances  gave  a  marked  reduction  in  the  germ  content  of  the  brine. 
Because  of  objectionable  deposits  on  the  teat-cups,  the  potassium  perman- 
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ganate  was  discarded,  despite  the  fact  that  it  was  effective  as  a  germicide. 
The  denatured  alcohol  did  not  prove  satisfactory  because  it  produced 
an  unsightly  precipitate  and  was  too  expensive  for  common  use.  The 
hydrogen  peroxid,  in  addition  to  being  expensive,  seemed  to  lose  its 
efficiency  rapidly,  and  it  attacked  the  tinning  on  the  teat-cups. 

Experiment  4, —  A  solution  of  formaldehyde  was  used   next  and  the 
results  were  excellent.     It  was  possible,  however,  to  detect  formalin  in 

the  milk  if  the  tubes  were  not  rinsed  before 
the  milking.  .Since  formalin  is  held  in  ill 
repute  as  a  preservative  for  milk,  it  was 
rejected. 

Olher  experiments, —  Other  germicides  and 
antiseptics,  such  as  vinegar,  acetic  add,  and 
copper  sulfate  (CuSO*),  were  tried  and  for 
one  reason  or  another  discarded.  Steam  and 
boiling  water  were  not  used,  because  it  is 
difficult  to  force  steam  through  long  rubber 
tubes  and  ordinary  steaming  is  not  sufficient 
to  produce  a  sterile  condition.  Moreover, 
continued  steaming  is  injurious  to  the  rubber. 
Although  steam  is  becoming  rather  common 
on  dairy  farms,  many  farmers  do  not  have 
it,  and  the  purpose  of  these  experiments  was 
to  find  a  method  of  cleaning  available  for 
every  one. 

TESTS   WITH    CHLORID  OP   LIMB 

Finally,  chlorid  of  lime  was  suggested.  At 
the  present  time  this  chemical  is  one  of  the 
most  popular  disinfectants.  It  is  particularly 
desirable  because  of  its  cheapness  and  avail- 
ability. The  action  of  chlorid  of  lime  is 
through  hypochlorites,  which  imite  with  the 
organic  matter  and  liberate  ozone,  a  powerful 
germicide.  The  odor,  which  is  considered 
objectionable  by  some  persons,  cannot  be 
detected  in  the  milk,  even  if  the  tubes  are 
taken  directly  from  the  solution  without 
being  rinsed. 

Experiment  I, —  A  solution  was  made  as 
follows: 


Fig.  6o.~  Tank  for  chlorid-of- 
lime  solution  for  sterilizing 
rubber  tubes  and  tecU<ups 


Water 72  pounds. 

Salt 10  pounds. 

Chlorid  of  lime J  pound  . 


$0.07 
l03 


$0.10 


After  the  evening  milking,  the  rubber  tubes  and  the  teat-cups  were  rinsed 
with  cold  water  and  placed  in  this  solution.  In  the  morning,  immediately 
before  milking,  they  were  taken  from  the  solution  and  rinsed  with  hot 
water.  After  the  morning  milking,  the  tubes  were  rinsed  with  cold  water, 
then  with  hot  water  and  washing  powder,  and  were  again  placed  in  tba 
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solution.  As  there  was  no  steam  on  the  farm,  the  pails  were  merely 
given  a  good  washing  with  hot  water  and  washing  powder.  In  Table  3 
are  given  the  cotmts  of  bacteria  in  the  milk  when  the  machines  were 
txeated  in  this  way: 

TABLB  3.    Bactbria  pbr  Cubic  Cbntimbtbr  op  Milk  after  Machines  Had 
Been  Treated  in  Solution  of  Chlorid  of  Lime 


Date 

Cow  I 

Cow  2 

Cow  3 

Cow  4 

Cows 

Cow  6 

Cow  7 

August  I  J. 

324 
433 

87 

3,125 

787 

1,187 

112 
337 
237 

62 
212 

187 

250 

487 
812 

462 
975 
375 

512 
387 

August  IS 

August  16 

Average 

281 

1.700 

229 

154 

516 

604 

525 

A  comparison  of  the  counts  of  bacteria  given  in  this  table  with  those 
in  Table  i  shows  a  marked  reduction  resulting  from  the  use  of  chlorid 
of  lime.  In  fact,  some  of  the  counts  are  no  greater  than  might  be  obtained 
in  milk  taken  directly  from  the  udder  and  free  from  external  contamina- 
tion. This  would  indicate  that  the  tubes  and  teat-cups  were  nearly,  if  not 
qtiite,  sterilized  by  the  salt  (NaCl)  and  chlorid-of-lime  solution  ((5aOCli). 

Experiment  2. —  At  this  point  the  work  at  Little  Falls  was  discontinued, 
and  subsequent  experiments  were  carried  on  at  Ithaca.  The  work  was 
conducted  at  the  imiversity  dairy  bam  and  the  bacteriological  laboratory. 
Some  preliminary  work  was  required  in  order  to  determine  the  strength 
of  the  chlorid-of-lime  solution  necessary  to  obtain  the  desired  r^ults. 
Experiment  2  consisted  of  a  series  of  bottles  made  up  as  shown  by  Table  4 : 


TABLE 

4.  'Efficiency  Tests  of  Chlorid  of  Lime 

Number 

Water 
(cubic 
centi- 
meters) 

Milk 
(cubic 
centi- 
meters) 

Salt 
(grams) 

Chlorid 
of  lime 
I -per- 
cent 
solution 
(cubic 
centi- 
meters) 

Per- 
centage 
of  free 
chlorin 

Bacteria  per  cubic  cen- 
timeter 

After 
3  hours 

After 
7  hours 

Check 

100 

I 

8,640,000 

11,840,000 

A 

100 
100 
100 
100 
100 

I 

5 
10 

25 
50 

.01 
•05 
.10 
.20 
.33 

1,950 
2,850 

585 
312 
150 

24,320 

1,300 

275 

375 

225 

B 

C 

D 

E 

F 

100 
100 
100 
100 

100 

5 
5 
5 
5 
5 

I 

5 
10 

25 
50 

.01 
•05 
.10 
.20 
.33 

100 
0 

no 

62 

300 

500 
100 

G 

H 

*Z5 

187 

75 

I 

J 

K 

100 
100 
100 
100 
100 

10 
10 
10 
10 
10 

I 

5 
10 

25 

50 

.01 
.05 
.10 
.20 
33 

250 

2,075 

165 

312 

375 

0 

L 

150 

220 

M 

N 

125 
0 

0 
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It  may  be  seen  that  the  presence  of  chlorid  of  lime  in  suflBcient  amounts 
to  yield  even  .01  per  cent  of  free  chlorin  reduced  decidedly  the  nimiber  of 
bacteria  in  the  solutions.  This  is  shown  by  a  comparison  of  the  bottles 
containing  chlorin  with  the  check  bottle  at  the  top  of  the  table. 

Experiment  3. —  Experiment  3  was  similar  to  Experiment  2,  except  that 
in  certain  bottles  calcium  peroxid  was  added.  Although  it  had  some 
effect,  as  shown  by  Table  5,  its  use  was  discontinued  because  of  the  expense 
and  the  trouble  of  obtaining  it: 

TABLE  5.    Germicidal  Properties  of  Chlorid  of  Lime 


Number 

Water 
(cubic 
centi- 
meters) 

Milk 
(cubic 
centi- 
meters) 

Salt 
(grams) 

Cal- 

ciiun 

peroxid 

(grams) 

Chlorid 
of  lime 
i-per-cent 
solution 
(cubic 
centi- 
meters) 

Per- 
centage of 
free 
chlorin 

Bacteria 

per 

cubic 

centimeter 

after 

7  hours 

Check 

100 

I 

1,245,000 

I 

100 
100 
100 
100 
100 
100 
100 

I 

2 

3 

5 

10 

25 
50 

.01 
.02 
03 
05 
.10 
.20 
33 

550 

ICO 

2 

1 

50 

0 

A 

S 

0 

6 

0 

7 

0 

II 

100 
100 
100 
100 
100 
100 
100 

10 
10 
10 
10 
10 

ID 

10 

I 

2 

3 

5 

10 

25 
50 

.01 
.02 
03 
05 
.10 
.20 
33 

350 

12 

la 

50 

0 

lA 

IS 

0 

16 

0 

17 

0 

21 

100 
100 
100 
100 
100 
100 
100 

ID 

10 

ID 
10 
10 
10 
10 

- 

I 

2 

3 

5 

10 

25 
50 

.01 
.02 
03 
05 
.10 
.20 
.33 

0 

22 

2% 

0 
0 

24 

0 

2S 

0 

26 

0 

27 

0 

11 

100 
100 
100 
100 
100 
100 
100 

10 
10 
ID 
10 
10 
10 
10 

1 

2 

575 
425 
250 
•  50 
0 

12 

11 

14 

IC 

16 

0 

37 

980,000 

Experiment  4. —  The  fourth  experiment  showed  conclusively  that  chlorid 
of  lime  is  an  efficient  germicide. 

A  tank  was  filled  with  a  solution  consisting  of  chlorid  of  lime,  salt,  and 
water.  Two  sets  of  tubes  with  cups  attached  were  used.  They  were  filled 
with  sour  milk  or  buttermilk,  allowed  to  soak  for  a  few  minutes,  then 
drained  and  placed  in  the  solution.    After  eight  hoiu^  the  tubes  were 
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removed  from  the  tank  and  rinsed  on  the  inside  with  400  cubic  centi- 
meters of  sterile  water.  The  rinse  water  and  the  solution  in  the  tank 
were  each  plated  and  the  percentage  of  available  chlorin  was  determined. 
It  was  found  that  if  the  percentage  of  chlorin  was  below  .03  per  cent  the 
germicidal  action  was  sUght.  The  following  table  shows  this  clearly. 
It  will  be  noted  that  the  percentage  of  chlorin  was  low  to  begin  with.  It 
decreased  until  it  reached  .01  per  cent,  when  the  bacteria  became  very 
numerous.  After  more  chlorid  of  lime  was  added,  the  chlorin  rose  to 
.05  per  cent.  This  reduced  the  bacteria  to  a  low  point,  but  the  cotmt 
increased  again  with  the  decrease  of  available  chlorin. 

TABLE  6.    Showing  the  Effect  of  a  Low  Percentage  of  Available  Chlorin 


Date 


Per- 
centage of 
chlorin 


Hours 

of 

exposure 


Bacteria  per  cubic  cen- 
timeter 


In 
solution 


In 

rinse 

water* 


November  17 
November  18 
November  20 
November  21 
November  21 
November  22 
November  22 
November  23 
November  23 
November  24 
November  24 
November  25 
November  25 


o.ioo 
0.020 
0.040 
0.027 
0.027 
0.020 
0.020 
0.013 
0.050 
0.048 
0.034 
0.027 
0.013 


14 
24 
48 

24 

8 
16 

8 
16 

8 
16 

8 
16 
48 


3 

2 

2 

2 

48 

13 

1.344 

Too  many 

23 
8 

5 
3 
9 


31 
loi 

9 

18 
165 

1,408 

184 

2 

81 

64 

"5 

4,896 


•  400  cubic  centimeters  of  sterile  water  with  which  th^  tubes  were  ringed  after  treatment  in  ths  solution. 

Experiment  5. —  In  Table  7  is  shown  clearly  the  extreme  germicidal 
action  when  a  higher  percentage  of  chlorin  is  used  in  the  solution: 

TABLE  7.    Showing  the  Effect  of  a  Stronger  Solution  of  Chlorid  of  Lime 


Date 


Per- 
centage of 
chlorin 


Hours 

of 

exposure 


Bacteria 


Materia]  plated 


November  27 . 
November  27 . 
November  28 . 
November  28 . 
November  28 . 
November  28 . 
November  29 . 
November  29 . 
November  29 . 
November  29 . 
November  30 . 
November  30 . 


0.70 


0.66 
0.58 


0.40 
0.32 
0.24 


8 

8 

16 

16 

8 

8 

16 

16 

8 

8 

16 

16 


2 
6 

2 
o 
I 
o 
o 

12 
O 
O 

2 
2 


Solution 
Rinse  water 
Solution 
Rinse  water 
Solution 
Rinse  water 
Solution 
Rinse  water 
Solution 
Rinse  water 
Solution 
Rinse  water 
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It  will  be  noted  that  in  several  cases  no  bacteria  were  found  in  the  sterile 
water  with  which  the  tubes  were  rinsed.  When  bacteria  were  found, 
the  numbers  were  so  small  as  to  be  of  no  significance  from  the  stand- 
point of  their  effect  on  the  genn  content  of  milk.  The  tubes  were 
practically  sterile  after  standing  in  this  solution. 

Experiment  6, —  The  following  table  is  interesting  in  that  the  ntmibers 
of  bacteria  in  the  rinse  water  show  an  increase  if  the  chlorin  drops  below 
.1  per  cent.  The  table  shows  also  that  the  natural  decrease  in  chlorin  in 
a  tank  of  this  size  is  rapid  enough  to  demand  a  fresh  amotmt  of  chlorid 
of  lune  about  once  a  wedc.  The  solution  used  in  this  experiment  was  as 
follows: 

Water 72.0  potmds 

Salt 7.2  potmds 

Chlorid  of  lime 0.5  poimd 

TABLE  8.    Showing  the  Decrease  of  Chlorin  After  Standing 


Date 


Per- 
centage of 
chlorin 


Hours 

of 

exposure 


Bacteria  per  cubic  cen- 
timeter 


In 
solution 


In 
rinse  water 


December  21 
December  21 
December  22 
December  22 
December  23 
December  27 
December  28 
December  29 
December  30 


0.62 
0.62 

0.54 
0.52 
0.44 
0.25 
o.io 
0.03 
0.03 


16 
8 
16 
8 
16 
24 
24 
24 
24 


12 
o 

5 
I 

2 
3 

ID 

3 
5 


o 
I 
o 
o 
o 
o 
6 

t345 
400 


Experiment  7. —  In  order  to  determine  the  value  of  the  chlorid-of-lime 
solution  tmder  the  conditions  that  existed  in  the  earlier  trials,  another 
series  of  coimts  was  made  at  the  farm  near  Little  Falls.  The  residts  are 
shown  in  Table  9 : 

TABLE  9.    Bacteria  per  Cubic  Centimeter  of  Milk  at  Little  Falls 


Date 


Cow  1 


Cow  2 


Cow  3 


Cow  4 


Cows 


Cow  6 


December  i 

December  2 

December  2 

December  3 

December  4 

December  4 

Average  per  cow 

General  average,  2,342 


1,055 

930 
1,580 
1,650 

475 
800 


800 
350 
650 
,250 
400 
700 


3.150 
7,650 
5,850 
2,100 
1,450 


12,800 

7,150 

3.125 

825 

1.750 


2,740 
6,120 
1,200 
1,000 
1,150 
1.300 


525 
4,650 
1,100 

925 
1,700 

750 


1. 081 


691 


4,040 


5,130 


2,251 


1,608 


It  will  be  seen  that  most  of  the  covmts  given  in  this  table  are  low.    In 
fact,  there  is  only  one  count  in  the  entire  series  which  is  not  well  within 
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the  limits  for  "  certified  "  milk.  The  results  wovdd  indicate  that  it  is 
possible  to  get  low  bacteria  cotmts  with  the  use  of  milking  machines, 
when  the  rubber  tubes  and  the  teat-cups  are  kept  properly  sterilized  by 
the  chlorid-of-lime  solution. 


TEST   UNDER  ORDINARY   FARM    CONDITIONS 

In  the  work  described  thus  far,  the  machines  were  washed  after  each 
milking  before  being  placed  in  the  germicidal  solution.  In  order  to  show 
what  might  be  the  resiilt  if  the  machines  were  not  thoroughly  washed  each 
day,  a  series  of  trials  were  made  at  the  imiversity  bams  in  191 2,  in  the 
following  manner:  The  rubber  tubes  and  metal  teat-cups  were  placed 
in  the  chlorid-of-lime  solution  immediately  after  milking,  without  having 
the  milk  rinsed  out  of  them.  The  top  of  the  machine  was  washed  with 
warm  water  and  washing  powder  and  the  pails  were  sterilized  in  steam. 
Once  each  week  the  rubber  tubes  and  the  teat-cups  were  thoroughly  cleaned 
with  hot  water,  washing  powder,  and.  long  brushes.  The  purpose  of 
these  trials  was  to  show  what  would  happen  if  the  machines  were  in  the 
hands  of  a  farmer  who  did  not  have  them  washed  properly  each  day 
but  did  use  the  chlorid-of-lime  solution  for  the  treatment  of  the  tubes. 
Although  it  was  not  done  in  this  case,  it  would  probably  have  been  desir- 
able to  run  cold  water  through  the  tubes  before  placing  them  in  the  ger- 
micidal solution,  even  in  the  case  of  this  rather  careless  treatment. 

TABLE  10.    Comparison  Between  Hand  and  Machine  Methods 


Date 


Bacteria  i>er  cubic  cen- 
timeter of  milk 


machine 
method 


March  28 .  . 
March  29 .  . 
March  30 . . 

April  I 

April  14.  .  .  . 

April  15 

April  16 

April  17.  . .  . 

April  18 

April  19 

April  21 ...  . 
April  22 ...  . 

April  23 

April  24 

April  25 

April  26 ... . 
April  27 ...  . 

April  28 

April  29 

April  30 

May  1 

May  2 

May  3 

May  4 

Average 


4.950 
6,050 
6,000 
4.700 
4,100 
3,100 
5.700 
1,800 
1,800 
700 
1.650 
1.750 
3.200 
2,200 
1.700 
3.400 
1,900 
4,600 
2,400 
1,050 
2,300 
2,600 
1,500 
4.500 
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In  order  to  make  the  work  represent  as  nearly  as  possible  what  would 
occur  on  an  ordin^y  dairy  farm,  the  treatment  of  the  machines  and  the 
process  of  milking  were  left  entirely  to  the  bam  men.  Samples  for  bacteria 
counts  were  taken  from  the  cans  after  they  had  been  filled  by  the  milkers. 
A  study  of  the  last  coliunn  in  Table  lo  shows  that  these  counts  are  con- 
siderably higher  than  those  given  in  Table  9.  This  must  be  expected  if 
the  madiines  are  treated  in  a  careless  manner.  However,  in  spite  of  the 
less  careful  treatment  given  the  machines,  all  the  cotmts  in  this  series 
came  well  within  the  requirements  for  certified  milk.  This  work  would 
seem  to  indicate  that  it  is  possible,  even  without  extreme  care,  to  obtain 
milk  with  satisfactory  bacteria  counts  by  the  use  of  milking  machines, 
and  that  such  milk  can  be  classed  readily  as  "  high  grade  "  so  far  as  the 
germ  content  is  concerned. 

In  order  to  compare  the  results  of  machine-milking  with  those  of  hand- 
milking  in  the  same  bam,  a  series  of  samples  taken  from  milk  drawn  by 
hand  are  given  in  the  second  coliunn  of  Table  10.  The  very  low  coimts 
recorded  here  are  evidence  of  the  care  used  in  hand-milking  in  this  stable. 
While  the  milk  drawn  by  hand  contained  uniformly  fewer  bacteria  than  the 
machine-drawn  milk,  all  the  samples  recor(|[ed  in  this  table  represent  milk 
of  good  quality  from  a  bacterial  point  of  view. 

CONCLUSIONS 

The  work  described  in  this  bulletin  would  seem  to  justify  the  following 
general  conclusions: 

1.  The  brine  solution,  which  has  been  generally  used  for  the  treatment 
of  the  rubber  tubes  and  the  teat-cups,  does  not  keep  them  in  a  sterile 
condition. 

2.  In  spite  of  the  fact  that  the  milking-machine  excludes  external  con- 
tamination in  a  marked  degree,  the  milk  may  still  have  a  high  bacteria 
count  resulting  from  contamination  in  the  rubber  tubes. 

3.  The  rubber  tubes  and  the  teat-cups  may  be  kept  in  a  practically 
sterile  condition  by  the  use  of  a  salt  solution  containing  chlorid  of  lime. 

4.  Fresh  chlorid  of  lime  must  be  added  frequently  to  the  solution  in 
the  tank,  in  order  to  maintain  sufficient  strength  to  sterilize  the  rubber 
tubes  and  the  teat-cups. 

5.  If  the  machines  are  kept  in  a  sterile  condition,  it  is  possible  to  obtain 
milk  with  low  bacteria  counts. 
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LATE  BUGHT  AND  ROT  OF  POTATOES 

M.  F.  Barrus 

The  late  blight  and  rot  of  potatoes,  known  also  as  downy  mildew,  is  very 
serious  during  wet  years  in  the  northeastern  parts  of  the  United  States 
and  the  adjacent  parts  of  Canada.  It  is  well  known  in  Europe  and  occurs 
in  all  htunid  climates  where  potatoes  are  grown.  The  disease  probably 
originated  in  South  America,  the  home  of  the  potato,  and  was  introduced 
into  Europe  from  which  place  it  spread  to  America  about  1840. 

Epidemics  of  this  disease  have  been  very  destructive.  The  destruction 
of  potato  vines  in  Ireland  by  this  disease  brought  about  the  famine  in  that 
country  in  1845.  At  that  time  the  epidemic  spread  over  the  British  Isles, 
Germany,  Belgium,  and  North  America.  Epidemics  of  the  disease  have 
caused  heavy  losses  in  this  State.  Ten  millions  of  dollars  would  be  a 
conservative  estimate  of  the  loss  to  New  York  potato-growers  alone  in 
1912,  and  the  loss  each  year  from  1903  to  1905  was  even  greater.  If 
weather  conditions  are  favorable,  the  loss  in  19 13  and  in  subsequent  years 
will  be  enormous  imless  remedial  measures  are  more  generally  adopted. 

SYMPTOMS  OF  THE  DISEASE 

On  the  leaves  of  the  plant  the  disease  manifests  itself  in  dark,  water- 
soaked  areas  that  later  turn  brown  and  dry.  These  spots  may  appear 
at  the  margin,  at  the  tip,  or  even  at  the  center  of  the  leaves.  If  the 
weather  remains  moist  the  spots  enlarge  rapidly,  often  involving  the 
entire  leaf  in  one  to  four  days.  A  fine,  mildewy  growth  appears  over  the 
diseased  area  on  the  tmderside  of  the  leaf,  especiaUy  at  the  margins  of  the 
spots.  The  affected  tissue  softens  and  decays,  and  gives  off  a  character- 
istic potato-blight  odor.  The  disease  attacks  the  stems  also,  producing 
lesions  similar  in  character  to  those  on  the  leaves. 

The  first  attack  of  the  season  usually  comes  after  the  blossoming  period 
of  the  plant.  The  lower  leaves  of  vines  coming  from  diseased  tubers  and 
the  leaves  of  neighboring  vines  are  first  affected.  This  infection  is  slight 
and  is  generally  not  noticed.  When  weather  conditions  are  favorable 
the  disease  spreads  rapidly  to  other  vines,  and  the  diseased  areas  in  the 
field  are  thus  ever  enlarging.  If  dry  weather  prevails  after  a  slight  attack, 
67  I913] 
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